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I. INTRODUCTION 

Spurred by the lcw cost and availability of microcon- 
puters and other similar products of tne integrated circuit 
revoluticn, new uses of microcomputers and other progran- 
Babie equipments are becoming widespread. The use of micro- 
computers to controi data acquisition, and, once the data 
has been acquired, to optimally display results is much 
faster and often more accurate than manual methods. Basic 
electronics laboratories for courses such as  EC-2211, 
EC-2212 and EC-2215 taught at the Naval Postgraduate School, 
and tasic digital courses such as EC-2811 and  EC-2812 
currently use non-programmable test equipment. The use of a 
Microcomputer contrcller and programmable test equipment 
could provide tne following advantages over the current 


manual methods: 


(1) More consistert results in repeated measurements, 
since a conputer-controlled system is not subject to 


operator fatigue. 


(2) Greater throughput because conputer-ccntrclled 


systens are generally faster than manual methods. 


(3) “More thorough testing because system speed allows 


more parameters to be measured in a shorter time. 


(4) Results expressed in scientific or enjineerirg units, 
since many system contrcllers are capable of on-line 


data manipulation. 


(5) Greater accuracy because system errors can be meas- 
ured automatically by comparison to theoretical or 
pretabulated values, stored and accounted for in the 


results. 


(6) Adaptive data accuisition where a system can be 
programmed to branch to other measurements to help 
pinpoint problems when it measures an abnormal ccndi- 


tion. 


(7) Capability to store measurement results in computer 


memory, on disk or tape, or on a hard copy. 


(8) Better data display, since microcomputer-generated 
graphs and plots have okvious advantages in tire and 


accuracy over those done by hand. 


(9) Immediate £eedback to students since data plots are 


readily availarle for interpretation. 


The objective of this study was to show how the use of a 
microcomputer and programmable test equipment could replace 
the current procedure for conducting basic electronic labo- 
ratories. Methods for data collection and display were 


examined and compared to manual methods. 


Tc meet the objectives of this study various program- 
mable test equipments were evaluated . Programs for the 
HP-85 ccmputer were written to aid in the evaluaticn. 
Chapter II discusses the General Purpose Interface Bus and 
gives  scme background on its adoption as IEEE Standard 
886 1 Chapter III is an introduction to the equipment 
used in this study including a summary of each eguipment's 
capabilities. Chapter IV discusses the use of programmable 
test equipment for data coliection. The frequency response 
of a simple circuit is evaluated as a demonstraticn. 
Chapter V discusses the display of data acquired from 
programmable test equipment including  computer-generated 
plots examples of which are shown. Appendix A is an ASCII 
and IEEE 488 code chart and Appendix B is a collecticn of 
the ¡programs developed to demonstrate and evaluate the 


programmable test equipment. 
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II. GENEEAL PURPOSE INTERFACE BUS 


Ihere are many applications where the measurement power 
of interactive instruments can be further enhanced by 
coupling them to a desktop computer or minicomputer. 
Cperating in a remote mode can provide more exact,  errcr- 
corrected results as compared with conventional manual oper- 


ation technigues. 


Presently, three major factors have combined to reduce 
significantly the engineering development costs of config- 


uring measurement systems: 


(1) Distributed ccmputing through the growing number of 


instruments with internal microprocessors, 


(2) The troad chcice of computers ranging from inexpen- 
sive, easy-tc-program desktop computers to more 
sophisticated computer systems capable of managing 
multi-station instrument clusters and complex data 


bases, and 


(3) The availability of standard interface equipment such 
as the GPIB which allows the easy interface of 


different equipments from different manufacturers. 


In 1972, the U.S. Advisory Committee, composed of 
diverse interests representing both users and manufacturers 
established initial goals and then adopted an interface 
concept. The Hewlett-Packard Corporation had for scme time 
teen a leader in measurement technology research, and the HP 
Interface Bus was adopted by the committee as an appropriate 
starting point. A draft document was subsequently written 


and evaluated by members of the committee, and then 
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subnitted as the  U.S. proposal to the International 
Flectro-technical Commission  (IEC) in the autumn of 1972. 
Since then, the interface has undergone a number of minor 
changes to accommodate various needs at the international 


level. 


In September 1974, the parent technical committee, IEC 
peor approved the main interface draft document for a 
formal baliot among the member nations of the IEC. 
Balloting took place in 1976, and IEC recommendation 625-1 
was adopted. The IEC recommendation, using a different 


connector, is totaliy compatible with the current HP-IB. 


Using the HP-IB as a model the IEEE Standards Foard 
approved IEEE Standard 488-1975 "Digital Interface for 
Programarle Instrumentation (GPIB)", first published in 1975 
and again published in 1978 with minor editorial changes as 
IREE’? Standard 4882-197873 In January 1976, the American 
National Standards  Irstitute adopted the IEEE standard and 
published it as ANSI Standard MC 1.1. 


Ihe standardized interface concept is now well accepted. 
More then 2000 products that are compatible with the IEEE 
Standard are today available from more then 250 manufac- 


turers over 14 countries. 


The GFIB has a party iine structure where all devices on 
the bus are connected in parallel as shown in figure 2.1. 
The 16 signal lines, shown in figure 2.2, within the passive 
interconnecting GPIB cable are grouped into three clusters 
according to their functions as follows: 

(1) Data Bus (8 signal lines) 

(2) Data Byte Transfer Control Bus (3 signal lines) 


(3) General Interíace Management Bus (5 signal lines) 


2 


[vn 


lines that carry data in a bit parallel, 


Figure 2.1 
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across the interface. These signal lines carry addresses, 


program 


measurement data, universal commands 


and 
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Figure 2.2 GPIB Signal Structure. (from Ref. 7). 


lines is indicated by the ATN (attention) signal. When tne 
ATN signal is true (asserted), either address or universal 
commands are present on the data bus and all connected 
devices are required to monitor the DIO lines. When the ATN 
message is false, device dependent data (e.g., programming 
data) is carried between devices previously addressed to 
talk and listen. 


Transfer of each byte on the Data Bus is acconplishel 
via a set of three signal lines: DAV (data valid), NRFD (not 
ready for data), and NDAC (not data accepted). Ihese 
signals operate in an interlocked handshake mode. Two 
Signal lines, NRFD and NDAC, are each connected in a logical 


AND (wired OR) to all devices connected to the interface. 
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The DAV signal is sent by the talker and received by poten- 
tial listeners whereas the NRFD and NDAC signals are sent by 


potential listeners and received by the talker. 


The General Interface Management Lines manage the bus to 
effect an orderly flew of messages. The IFC (interface 
clear) message places the interface system in a known yuies- 
cent state. SRQ (service request) is used by a device to 
indicate the need for attenticn or service and to request an 
interruption of the current sequence of events. REN (remote 
enable) is used to select between two alternate sources of 
device prcgram data.  ECI (end or identify) is used to indi- 
cate the end of a multiple Lyte transfer sequence or, in 


conjunction with ATN, to execute a polling sequence. 


Data byte transfer on the DIO signai lines is accom- 
plished using an interlocked handshake sequence on three 
signal lines; data valid (DAV), not ready for data (NRFD) 
and nct data accepted (NDAC). The talker uses DAV tc signal 
the presence of a valid byte of data on DI01-Di08. de EÛ 
listener indicates its acceptance of the data ty asserting 
RFD message faise and DAC message true. The talker then 
asserts the DAV message false and the listener, when it is 
able to receive a new data byte, asserts RFD true and [AC 
false. Thus the handshake sequence is conplete. When two 
or more devices are "listening" each device participates in 
the same nandshake cycle. Data 1S transfered asynchroncusly 


at the rate of the slcwest listener. 


A rore complete discussion of the GPIB can ke found in 
the IEEE Standard [Ref. 7]. 


III. EQUIPMENT 


In this chapter various GPIB compatible equipment wiil 
be discussed. That equipment which seem most likeiy candi- 
dates icr basic electronic laboratory use are discussed 
first and in greater detail. E4juipment whose use is less 
readily apparent and some equipment where less research was 


conducted are discussed last. 


A.  HE-85 COMPUTER AND HP-IB 


Ihe Hewlett-Packard Interface Bus (HP-IE), ls 
Hewlett-rackard's implementation of the IEEE-488-1978 inter- 
face standard (GPIB). As discussed in Ref. 1, the purpose 
of the HF-IB is to provide mechanical, electrical, timing, 
and data compatibilities between all devices adhering tc the 
standard. Interfacing other devices to computers has been 
greatly sirplified by the HP-IR. In general the use of the 
HP-IE allows the operator to concentrate on what is to ke 
communicated and give little thought to compatibility and 
handshaking. The HP-IB uses standard ASCII and easily 


understocd control signals. 


If one uses the 1  طع‎ option accessory, the 
Hewlett-Fackard Model 85 microcomputer has the necessary 
Capabilities to allow it to function as system ccutrcller. 
Using the HP-IB, the HP-85 can take control of programmable 
test equipment, direct their operation, and store test data 
returned frcm the equipment. The computer can store data on 
magnetic disk or tape, display tne data using kuilt-in 
graphics capabilities or a remcte plotter, or print a hard 


copy cf the data. 
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Three primary  ccnumands that the HP-85 uses to control 
programmable test eguipment are the "OUTPUT", MEN TER and 
"TRANSFER" commands. The "OUTPUT" conmand is used to send 
data frcm the computer to the test equipment. The statement 
must contain the destination device address and a list of 
items tc be output (e.g. the command OUTPUT 7203; X, outputs 
the variable X to device 720). The "ENTER" command is use? 
to send data from a designated equipment to the computer. 
The statement must  ccntain the source device address and a 
list cf itens to be entered (e.g. the command ENTER 720; X, 
enters data to variakle X from device 720). The "TRANSFER" 
command is used to move data to and froma established 
Luffer area. This command is used to move data from one 
device tc another when neither device is the bus ccntrcller 
Ie. the command TRANSFER 706 TO Z$ COUNT 100, NIE 
transfer 100 bytes cf data from device 706 to the buffer 
space designated as Z$. The command TRANSFER Z$ TO 710 FHS, 
will transfer the data in buffer space 2 to device 710 


using fast-handshake). 


When a device enccunters a situation which requires the 
contrciler's attenticn or action, it Signals the contrcller 
with a service request  (SRQ). A service request may be 
generated whenever an event such as an error or Change of 
status  cccurs. A service request is handied by the 
contrcller as an interrupt and may be processed or igncred. 
If the ccntroller is rrogramnmed to process the SEQ Interrupt 
it must first determine who sent the interrupt, and then why 
the SEC was generated. The controller can deterıine who 
sent the service request by performing a parallel poll. 
This is like a discussion leader asking those persons with 
problems to raise their hands. Once the controller deter- 
Dines which device generated the SRQ, it can determine the 


specific problem by performing a serial poll. This invclves 
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querying a device as tO lS Sous The information 
returned by each device is dependant upon the nature of the 
device and can be fcund in the instruction manual for that 
specific equipment (e.g. error code 98 indicates an execu- 
tion errcr for the Tektronix PS 5010 but could indicate a 
different type of errcr fcr some other device). A complete 
discussicn on handling service rejuests can be found in Ref. 
1: 


B. WAVETEK FUNCTION GENERATOR 


This section discusses the Wavetek Model 270 
Programmable Function Generator and how to control it using 


the HE-85 Microcomputer. 


As described in Ref. 2, the Kavetek Model 270, 12 MHz 
Erogrammable Function Generator, is a 0.01 Hz to 12 MHz 
multifuncticn generator that can operate in continuous, 
trigger, gated or Lurst modes, at generator levels to 20 
volts peak-to-peak. The generator produces sine, triangle, 
and square waves, with from +5 to -5 voits of DC offset. 
The function generatcr settings can be made from the front 
panel or, with the General Purpose Instrument kus, from a 
microcomputer controlling the experiment. Numbers can be 
input in free format, (i.e. fixed point, floating pcint, or 
exponential notation). Parameters day be entered in any 
crder. All entries are checked for errors and displayed on 
the front panel. Current parameter settings may te checked 
by pressing the corresponding button on the front panel. Up 
to 80 ccmplete sets of programming may be stored in the 
generator and rapidly recalled. 


Ihe Wavetek Model 270 Programmable Function Generator 
can te ccntrolled Ey the HE-85 Microcomputer over tne 
Hewlett-Fackard Interface Bus (HP-IB). The handshaking ani 
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data transfer is acccmplished as discussed in Charter 2. 
The Mcdel 270 is ccntrolled ty sending commands over the 
GPIB data lines. Ihe function generator interprets the 
commands and responds as directed. When the function gener- 
ator is directed by the computer to send data, it uses the 
same data lines that the computer used to send commands. 
Table I is a partial list of function codes used by the 


computer to control the function generator. 


TABLE I 


Wavetek Functicr Generator Programming Commands 


Ccntrcl and data Model 270 ASCII (GPIB) 
MAN ESE ee Key. PE Aa CCA 
Change Sign tj- = 
22 Point Q Ie 9 o a5 9 
۶ gee 8 ee eV 3 œ < > 
Anplitude AMP Á 
Mode . MODE B 
Function FUNC C 
errset Or ST D 
Exponent EXP E 
Frequency EREO R 
Execute EXEC I 
Cutput Cn/Cfé ON D 
Recall Setting RCL Y 
keset RST Z 
GPIR Address ADRS 


The computer and function generator are connected using 
569 RE-IE. The functicn generator's factory-set address can 
te found by pressing the "ADRS" button on the front panel. 
If scre cther address is desired it can be entered frca the 
front panel by pressing "ADRS", entering desired address ani 
Lessing "EXEC". The address must be used in all ccmputer- 
to-generator comaunications. The function generator output 
is connected to provide waveforms to desired destinaticns 
(an oscillcscope is good for demonstration purposes), the 
conputer progran is loaded, and the system is ready for 


a E 
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The sample program provided in Appendix B, was written 
to provide a simple tands-on means of system familiariza- 
tion. It does not demonstrates all the Model 270's capabil- 
ities. To use the sample program configure a system such as 
the one shown in Figtre 3.1. A simplified flow diagram of 


the program is shown in Figure 3.2. 


score m " 
MODEL-270 HP-85 


IN OUT 


Figure 3.1 Model 270 Demonstration. 


When the program is initiated the couputer display will 
provide instructions for entering a function into the func- 
tion generator. The user should respond to the displayed 
questions. The "END LINE" key is used to enter the user's 
response into the ccmputer. Numbers may be entered using 
integer  (e.g.," 1000"), ء1٥63‎ ۴31090 ADE or 
exponential (e.9.,„"1ZE6") forms. The user will be asked to 
enter waveform type, amplitude, frequency, and DC offset. 
As each entry i nade, the Wavetek Function Generator 


display will shc« that entry. After a function has been 
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INITLABZE 
EQUIP IENT/ 
DISPLAY 

PROMPTS 











RECALL 
WAVEFORM 


END 


Figure 3.2 Havetek 270 Demonstration Program Flow Diagram. 
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fully selected, the function will be gated to the function 
generator output and displayed on tne oscilloscope, and the 
computer will query the function generator as to its status. 
The function generatcr's response will be printed on the 


conputer's printer. 


The sample program also contains a section on the use o£ 
the £unction generatcr's memory. It allows the user to 
store functions in tke Model 270's memory and to recall and 
display previously stcred functions. This demonstrates the 
ability of the Wavetek function generator to store and 


recall up to eighty waveforms. 


Fer a more detailed description of the function genera- 
tor's capabilities, tbe user should refer to the Instruction 
Manual for the  Wavetek Model 270, Programmable Function 
Generator [Ref. 2]. 


C. PS 5010 PROGRAMMAELE POWER SUPPLY 


The Tektronix PS £010 Programmable Power Supply provides 
a floating dual supply and a ground-referenced logic supply. 
Each supply has independent constant voltage modes or 


constant current modes with automatic crossover. 


The floating supply provides 0 to +32 volts DC and 0 to 
-32 vclts DC, both with respect to a common front panel 
terminal. All floating supply terminals can be elevated 
above grcund to a maximum 150 volts peak. Voltage differ- 
ences from 0 to 64 volts are available across the dual 
supply terminals. Ike floating point supplies are program- 
mable ir increments cf 10 millivolts from 0 to 10.0 volts 
and in increments of 100 millivolts from 10.1 volts to 32.0 
volts. Ihe current is programmed in 50 milliamp increments 
from EO miliiamps to 1.5 amps. 
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2٣٦09316 sun ily provides 4.5 volts DC to 5.5 volts DC 
at currents LO 3 amps. The logic supply is programmable in 
increrents of 10 millivolts from 4.50 volts to 5,50 volts 
and in current increments of 100 nilliamps over a range of 


190 millianps to 3 anps. 


Ihe front panei LED display is divided inte three 
secticns. zach section indicates the programmed current or 
voltage for one supply. In thàe operating mode, the disflays 
Show the true output voltage when operated in the constant 
voltage mode or current when operated in the constant 
currert rode. A  mcre complete description of the PS 5010 


specifications can be found in Ref. 3. 


Table II is a ccndensed list of commands used ty a 


Syster e@ntroller to direct the PS 5910. 


A demonstration fcr the PS 5010 and tne DM 5010 conkina- 
tion is included in Appendix E. This program is discussed 
in the fcllowing section covering the DM 5010 Programmakle 
Digital Multimeter. 


D. DM 5010 PROGRAMMABLE DIGITAL MULTIMETER 


The Tektronix DŁ 5010 Erogrammable Digital Multimeter 
measures and displays dc voltages, resistance, true rms ac 
voltages, and voltages consisting of a dc level plus an ac 
waveform. Range selection is automatic or manually incre- 
mented. A diode test function provides a 1 milliamp current 
output for diode testing. Measurements are made via front- 


panel ccnnectors or a rear-interface connector. 


The DM 5010 alsc performs calculation for averaging, 
scale and offset, ccnversicn tc dBm or reference dB, and 
compariscn. Measurements and calculations are indicated on 
Teg digit LED display- The decimal point is 


automatically positicred and leading zeros are blanked. 
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TABLE IL 
PS 5010 Commands and Descriptions 


Header Argument Description 

ERR Returns error code 

ILOG «num» Sets the logic supply 
current limit 

INEG <num> Sets neyative floating 
Supply current linit 

INTE Resets instrument settings 
to power-on state 

IPOS «num» Sets positive floating 
supply current limit 

CUT ON Connects all supplies 
to the output terminals 

SET. Feturns instrument settings 

VLOG <nun> Sets logic supply voltage 
linit 

VNEG «num» Sets negative floating 
Suppiy Voltage limit 

VPOS <nun> Sets positive floating 
supply voltage limit 

VLOG? Feturns setting for. 

VNIG? رت‎ tiie supply (i.e. 

VEOS? VNEG <nun>) 


Ihe operation of the DM 5010 is programmable via high- 
level ccımanäüs (ASCII) sent over the GPIB. The DM 5010 can 
send information about front panel control settinys, meas- 
urements, and calculations via the bus to the GPIB 
Gon Lise cr. Measurements and calculations are triggered by 
interral circuitry (at a normal or fast rate), front panel 
push button, GPIB command, or external signal via the rear- 
interface connector. A nore detailed description of the DM 
5010 specifications and operating instructions can ke found 


in Ref. 4. 


Table III is a condensed list of commands used to 


contrcl the DM 5010 via the GPIB. 
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TABLE III 
DM 5010 Commands and Descriptions 


Header Argument Description 

ACHT Znun> selects the ACV+DCV functicn. 
Argument selects range. 

ACV «num» Selects the ACV function. 
Argument selects range. 

DEV «num» Selects the DCV function 
Argument selects range. 

BER? Returns error code. 

FUNCT? Returns the current functicn 
and range. 

UNIT Initializes to power-on settings 

CHMS «num» Selects OHMS function. 


Argument selects range. 
SEND Returns latest measurement. 


Note: negative or omitted argument selects auto-range 
ة‎ ۲۹۲۲۷ ty. 


A demonstration program for the PS 5010 Programmatle 
Power Supply and the LM 5010 Programmabie Digital Multimeter 
is included in  Apperdix B. A simplified flow diagram for 
this program is shown in Figure 3.3. To run the program the 
system is configured as shown in figure 3.4. The program is 
loaded and run in the HP-85 computer following the instruc- 
tions displayed on tre screen. Ihe program guides the user 
through the setup of each of the PS 5010's voltage supplies. 
At each step the Il 5010 will measure and display the 
voltage level. The computer will also read the DM 5010 and 


print the reading cr the printer. A WAIT 1000 (1 seccnd 
delay) command is used in the program just before the 
computer reads the meter. This delay ensures that the 


computer will not try to read the meter before the reading 
Las settled. Reference 4 shows the maximum settling time 
when reading AC volts (true RMS) to be 1.2 seconds. Takle 


IV shcws a Sample printout. 


25 
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START 






SET 
P55010 
READ 

DM5010 






INITIALIZE 





EQUIPMENT 










INPUT 
POSITIVE 
SETTING 










SET 
PS5010 

READ 

DM5010 






Cg ٠ 


Figure 3.3 PS 5010 and DM 5010 Demonstration Flow Diagram. 
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TABLE IV 
FS 5010 and DM 5010 Demonstration Program Printout 


DCGIC VOLTAGE IS: 4.9 

NEGATIVE VOLTAGE IS: E75 

ECSITIVE VOLTAGE IS: 24.4 
H TB 





Figure 3.4 PS 5010 and DM 5010 Demonstration Setup. 


This discussion and the demonstration program cover only 
a small percentage of the DM 5010's capabilities. For more 


details refer to the programming manual [Ref. 4]. 


E. CIHER GPIB EQUIPBENT 


This section discusses equipment which was not inccrpo- 
rated in tne research discussed in later chapters, but which 
right have uses in future research. 
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1. Ihe Photodyne Model 488XLI GPIB Interface and Model 
22XLA Frver o DENNMETICELST 


The Photodyne Model 488XLI GPIB Interface Adaptor 
provides the logic ard control functions necessary to inter- 
face the Model 22XLA Fiber Optic Multimeter with a GPIB 
contrcller. The ccmbination of the 488XLI and 22XLA can 
operate in either tie talk-only or addressable mode, as 
determined by the setting of an internal switch. In the 
talk-cniy mode, it can send data to a GPIB compatitle 
listener at one of eight switch selectable rates, frcm 2.5 
readings a second to cne reading per hour. In the addres- 
sable mode, readings may be triggered or non-triggered, 
depending on whether its odd or even address is received 
from the controiler. The Model 488XLI provides an output of 
ASCII data, sign, and terminator. A short demcnstration 
program is provided in Appendix B. The 488XLI and 22XLI 


combination is very easy to use and program. 


2. Hewlett-Packard 1615A logic Analyzer 

The Hewlett-Packard 1615A Logic Analyzer offers 
asynchronous timing diagram measureaents and synchronous 
State measurements for use in the design and  trouble- 
shooting of digital systems. Measurement setups are simpli- 
fied with a menu system which reduces the number and 
complexity of front panel keys. With the format specifica- 
tion menu, the desired mode of operation: timing, state, or 
Simultaneous dual-mcde, is selected. The corresponding 
trace specification menus then allow entry of the desired 
triggering and data parameters. 

Ihe 1615A logic Analyzer was found to be not 
completely compatible with the HP-85 Computer. Using the 
HP-85 as system controller, it was possible to set all 
parameters into the 1615A, but data could not be transferred 
from the 1615A to the HP-85. The problem in data transfer 
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seems to be one of a not fully compatibie handshake. When 
the HP-85 directs the 1615A to send its data, the 1615A goes 
to the talk mode and places the first byte of data on the 
bus, however the DAV (data valid) line is not set. Since 
the HE-85 does not receive DAV it does not accept the first 
byte of data and the entire system locks up with neither the 
HP-85 nor the 1615A responding to keyboard inputs. 
Hewlett-Packard engineers who were consulted on 
this protlem suggested that this problem might be circum- 
vented by directing the 1615A to transfer its data to a 
printer cr buffer space rather then to the HP-85 directly. 
Further research is needed to see if this soluticn will 
work. Ihe 1615A Lcgic Analyzer would ke a very valuatle 
piece of equipment for basic digital laboratories. Efforts 
should be made to solve the compatibility problem or to find 


a compatible controller. 


3. Hewlett-Packard 2111A Graphics Tablet 

Ihe Hewlett-Packard 9111A Graphics Tablet is used to 
input coordinate points to the microcomputer. It also has 
sixteer menu  softkeys to allow option selection away from 
the ccmputer keyboard. 

It was thought that the Graphics Tablet could be 
used to annotate ccaputer generated plots, however this 
proved not to be very workable due to the small screen on 
the HP=85 computer. À demonstration program, included in 
Appendix B, provides an introduction to the 9111A and its 


uses. 


4. Ihe Hewlett-Packard S9491A Bus System Analyzer 
The HP-59401A Bus System Analyzer is invaluable as 
an aid to GPIB users in hardware design and in diagnosis of 
hardware and software problems encountered in GPIB compat- 
ible systems. When in the listen mode the 59401A monitors 


Bus trafflc and can accept amd store up to 32 characters 
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from the bus for later examination. It can slow down data 
transfer and handshaking so they may be observed. When used 
in the talk mode the 59491A is used to drive the Bus. The 
Bus can te driven one character at a time by setting the DIO 
switches to the appropriate code and outputting this infor- 
mation to the Bus. 

While the 59401A Bus System Analyzer is not itself 
a piece cf programmable test equipment, its importance in 
setting up and testing a GPIB system cannot be overstated. 
The ability to observe and control the handshake and data 
transfer lines on the bus greatiy simplifies the design and 


trouble-shooting processes. 


5. Wavetek DC 5009 Universal Counter/Timer 

The Tektronix DE SU09 Universal Counter/Tiner 
features reciprocal freyuency, period, counting events on 
channel B during time gates applied to channel A and total- 
izing measurements to 135 MHz. It also has time interval 
and width features cf 10 ns resolution for timing measure- 
ments. For repetitive timing measurements, averaging and 
pseudc-random time base modulation circuitry provides 
increased accuracy over a wide range of input signals. The 
DC 5009 proviđes trigger level outputs at both the frcnt 
panel and rear interface for increased measurement conven- 
ience. 

The DC 5009 is GPIB programmable and allows any 
manualiy selectable function or mode to be operated cver the 
GPIB kus, including all input conditioning controls. Af ter 
the DC 5009 is set to the remote state by a system 
contrcller, its operating modes and settings can be set and 
read ty programming mremonics sent to it in ASCII code over 
the bus. The instrument settings may also be read while in 
the local state. The DC 5009 connects to the bus through a 
GPIB-compatible connector on the TM 5000-series power 


module. 
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Measurement results are displayed in an eight-digit 
LED readout, with 


tioned. The 


the decimal point automatically posi- 


displayed count overflow is indicated ty a 


flashing display. The counter also uses three digits of the 


seven-segment LED display to indicate internal or operating 


error codes and two digits for external signal probe compen- 


sation results. 


Table V is a condensed list of commands used with 
che DC 5009. more detailed description of the 
Counter/Timer's specifications and operating procedures can 


be found in Ref. 
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TABLE V 


DC 5009 Commands and Description 


Commands argument Description 

AUTO Sets trigger level to signal 
midpoint (both channels). 

AVE «rum» Sets number of measurements 
averaged. 

CHÀ À or B Selects channel for succeeding 
input settings. 

EVE (BA) Counts Channel B during Channel 
A pulse width. 

FREO (A) Measures frequency of input 
signal on Chännel A. 

INIT Resets to current front-panel 
settings and power-on parameters. 

PER (A) Measures the period of Channel 
A signal. 

RAT (B/A) Measures ratio of B events tc 
A events. 

SEND Obtains and formats new measurenent 
results. 

SET Query returns current instrument 
settings. 

ems (AB) Measures time from A event 
to B event. 

WID (A) Measures pulse width of channel 


A sıgnal 
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IV. DATA COLLECTION 

In the previous chapter several GPIB  prograumable test 
equipments were introduced. In this chapter il vill be 
shown how combinaticns of those equipments can be used to 
conduct basic electronics laboratory measurements. A 
student in a basic electronics class, such as EC-2211 at the 
Naval Postgraduate School, might be asked to build and eval- 
uate the frequency response of a simple common-enitter 


anplifier similar to the one shown in Figure 5.1. 


— — — ———— — 
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Figure 4.1 Common-Emitter Amplifier. 
To cerplete an evaluation of his circuit performance he 


would need a signal generator, power supply, frequency 


counter, AC voltmeter, and an oscilloscope. He would need 
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to beccue familiar enough with each of these equipments to 
ensure that any data obtained from his tests was correct. 
Problems incountered must first be investigated for equip- 


ment setup problems. 


A greatly simplified procedure for investigating the 
Same common-emitter amplifier would use programmable test 
equipment and a microcomputer controller. A program would 
insure proper equipmert setup and could even perform a check 
to verify a proper circuit to be tested. Ihis check would 
help the student identify problems in his circuit before 
time was lost in taking useless test data. Finally the 
microcomputer controlled test could take a greater number of 


data points at a much faster rate. 


To test a common-emitter amplifier and obtain a printout 
cf frequency and gain, the following test equipment could be 
used: HP-85 Microcomputer, Model 270 Function Generator, PS 
5010 Fower Supply, and the DM 5010 Digital Multimeter. The 
equiprent configuraticn for this type of an experinert is 


shown in Figure 4.2. 


A sample program for the  HP-85 Microcomputer which uses 
the equirment as configured in Figure 4.2 to test a common- 
emitter amplifier is included in Appendix B. The program 
uses the Wavetek Model 270 Function Generator to provide a 
known input to the circuit under test. The Model 270 is 
snifted through a range of freyuencies at a constant 
voltage. At each frequency the test circuit's output 
voltage is read by the DM5010. The HP-85 Computer computes 
the gain at each frequency using the DM5010 readings and the 
known input voltage value. A simplified flow diagram for 
Programs shown in Figure 5-3. This program allows the 
user to select power supply voltages, frequency range, and 


nunber of data points to be taken. e As ae 





MODEL-2 7/0 
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Figure 4.2 Equipment Setup for C-E Amplifier Test. 











frequency and gain (in dB) for each point. All user entries 
are made from the H2-85 keyboard in response to displayed 
questions. A sample of the type of output generated is 
Shown in Table VI . 


The sample program is not linited to use with sinple 
common-emitter amplifiers: it can test the frequency-vs-yain 
Characteristics of any desired circuit, such as an amplifier 
or filter. A frequency counter is not needed due to the 
good frequency accuracy of the Model 270 Function Generator 
(but could Susi ES incorporated in the measurement 
System). Hany more advanced electronics courses could use 
the same test equipment and program for frequency-vs-gain 
characteristics. 
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Figure 4.3 Data Printout Demonstration Program Flow Diagram. 
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TABLE VI 
Sample Output from Freq-Gain Program 
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V. DATA DISPLAY 


In the previous chapter it was shown how computer 
controlled test equipment could obtain faster, more accurate 
test data. If this was all the computer could do it would 
be a major savings of time, however the computer can also 


provide a display of the data. 


A.  HP-85 GRAPHICS CAFABILITIES. 


The HP-85 Micrcccmputer provides two different display 
areas or modes: alphanumeric and graphics. Normally the 
display is in the alpha mode, but the user can view the 
current graphics display at any time by pressing the "GRAPH" 
key or by executing the statement, GRAPH. The graphics 
capability of the HP-85 enable the user to: 


(1) Plot data on the graphics display, thus clarifying a 


complex set of information in pictorial form. 
(2) Scale the display to desired proportions. 


(3) Generate a nunber of lines, curves, diagrams and 


designs on the display. 


(4) Copy anything from the graphics display to the 


printer with one command. 
(5) "Draw" and label graphs with ease. 
(6) interact with the graphics display from the keyboard. 


(7) Execute any graphics command from the keyboard cr in 


a program. 
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if the H2-85 is equipped with the Printer/Plotter ROM, 
graphics programs for the HP-€5 can be plotted directly on 
the Hewlett-Packard 7470A Plotter by using the "TRANSLATE" 


conmand. 


In Chapter 4 it was shown how the frequency verses gain 
characteristics for a common-emitter amplifier could be 
measured and printed. The same data could Le plotted by the 
HP-85 directly. This would provide the student with a quick 
graphical display of the amplifiers gain characteristics. 
Included in Appendix B is a program which will test the 
auplifier, print frequency and gain for each test point, 
graph the data, and copy the graph on the printer. Figure 
5.1 is an example of the printed graph for the circuit shown 
in Figure 4.1 . A simplified flow diayram for the demon- 


stration program is shown in Figure 5.2 
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Figure 5.1 C-E Amplifier Characteristics. 
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Figure 5.2 Graphics Demonstration Program Flow Diagram. 
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As was previously discussed this type of program is not 
limited to testing one circuit. More complex circuits can 
also be tested using the same program. Figure 5.3 = ws gam 


example of a Butterwcrth bandpass filter. 
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Figure 5.3 Butterworth Bandpass Filter. 


Figure 5.4 shows the printed output for the circuit shown in 
Figure 5.3 using the same proyram that was used to test the 


conmon-emitter amplifier. 


B.  VISICALC PLUS 


For some graphics applications, suchmdswMNlogarithme 
graph, a simple HP-85 program is not sufficient. For exten- 
sive or specialized graphics a pre-written graphics prcgram 
package is desiratle; one such progran is the 
Hewlett-Packard VisiCalc Plus package. Briefly the HP-87 
VisiCalc Plus package is a group of graphics and calculation 
programs for tne HP-386/87 Microcomputers. The package 


contains the following prograns: 
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Figure 5.4 BP Filter Characteristics. 


VZCALC: 


UZITNE: 


VZCURV: 


«i 
N 
Tj 
4 
Ld 
so 


VZAEAR> 


LINCURg: 


RELZERg®: 


A binary progran that is the main VisiCalc 


program. 


A BASIC program that uses VisiCalc data to 


graph line charts. 


A BASIC program that allows you to fit 


standard regression curves to VisiCalc data. 


A BASIC program that uses VisiCalc data to 


plot pie cnarts. 


A BASIC program that uses VisiCalc data to 


create kar charts. 


A binary program that is automatically 
loaded and executed by the four graphics 


prograns. 
A binary program that is automatically 


4 1 


loaded and executed by VZLINE, VZCURVE, and 
VZBAR. 


WEZ READ: A BASIC program that allows you to read 


data files created by VisiCalc. 


VZWRITE: A BASIC program that allows you to create 


VisiCalc data files from numeric arrays. 


A detailed descripticn of VisiCalc Plus can be found in Ref. 
Ge 


The HP-87 version of VisiCalc Plus was used to generate 
the graphs shown in Figures 5.5 and 5.6. A HP-85 version of 
VisiCalc Plus is available, but was not tested in this 
study. In order to use VisiCalc Plus to plot the common- 
enitter amplifier data, the data must be put on disk as a 
numeric data array. An HP-85 program to take the data 
samples and write them on a disk correctly formatted is 
provided in Appendix E. Once the data is on disk it can be 
used Ey VisiCalc Plus on a HP-86 or HP-87 nmicrccomputer 
system. VZWRITE is used to create a VisiCalc data file fron 
the data on the disk. Figures 5.5 and 5.6 show VisiCalc 


graphs of the common-emitter amplifier data. 


Many graphics prcgrams such as VisiCalc Plus are avail- 
able for data display. The Standard Programming Package for 
the  HP-E5 Microcomputer contains some graphics programs 


which could be used to display acquired test data. 
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C-E Aaplifier, Low Frequency. 


Figure 5.5 
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CE AMPLIFIER FREQUENCY RESPONSE 
(Test3 and Test4 data--1/30/85) 


TEST3 DATA TEST4 DATA 





Figure 5.6 C-E Amplifier, High Frequency. 
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VI. COBCIUSIONS AND RECOMMENDATIONS 


A. CCRHCLUSIONS 


It has been demonstrated, for at least a simple experi- 
ment, that programmable test equipment could replace the 
presently used manually operated test equipment. The ques- 
tion that must be answered is, whether replacing current 
test equipment with programmatle test equipment is a gcod 
decision in terms of cost compared to benefits received? As 
has been previously discussed, some of the benefits ofa 
computer controlled system over corventional manual methods 


are: 


(1) More consistent results in repeated measurements, 
since a computer controlled system is not subject to 


operator fatigue. 


(2) Greater throughput because systems are generally 


faster. 


(3) 4cre thorough testing because system speed allows 


mcre parameters to be measured in a shorter time. 


(Y) Results expressed in engineering or scientiric units, 
Since many system contrcllers are capable of on-line 


data manipulation. 


(5) Greater accuracy because system errors can he meas- 
ured automaticaliy, stored and accounted fcr in the 


results. 


(6) Adaptive data acquisition where a system can be 
programmed to branch to other measurements to helo 
pinpoint the problem when it senses an abnormal 


condition. 
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(7) 


(8) 


(9) 


Measurement results can be stored in computer memory, 


on disk or tape, or on hard copy. 


Computer graphics and plotting provide improved data 


presentation capabilities. 


Students would gain some familiarity with the uses 


and operation of a microcomputer. 


Some of the disadvantages of a computer contrclled 


E H wane. 


( 1) 


(2) 


(3) 


Cost, since computer-controlled test equipment 
Systems are currently much more expensive then manu- 
ally operated test equirment. A quick study of Ref. 
8 shows  HP-IE compatible test equipment to be from 
two to five times as expensive as similar test equip- 
ment without the HP-IB option. 


Hewlett-Packard has recently (May, 1985) intro- 
duced a new line of programmable test equipment 
called the PC Instruments system. This equipment is 
not GPIB compatible without optional hardware, but it 
does provide computer-controllable test equipment 
using a different bus structure. The cost of tkis 
equipment is roughly twice that of manual test ecuip- 
ment. Hewlett-Packard has software available for 
several of thier computer types for use with this 


equipment. 


Students would not be required to be as familiar with 


the test equipment if it is computer-controlled. 


Students couid complete a experiment in a cookbook 
fashion and not really understand „hat they are 


dcings 
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B. RECOMMENDATIONS 


Based on this study the following recommendations are 


made: 


(1) 


(2) 


(3) 


As replacement test equipment is needed, the replace- 
ments should ke GPIB compatible. TneWlargez cost 
difference between GPIB compatible and manually cper- 
ated test equipment should become less as GPIE equip- 
ment becomes more common. The advantages cf comuter 
ccntrolled systems discussed in the previous section 
are greater then the disadvantages. 


Software development should begin immediately 
covering all the basic electronics laboratories. If 


the software development is done now it wculd be 


available and tested before the equipment is 
purchased. Even if the decision is made not to 
purchase GPIB compatible equipment, the software 


development would be worthwhile material for future 


thesis students. 


Cther GPIB compatible test equipment  shculd be 
purchased and tested. This wouid ensure that future 
purchases of large numbers would be based on in-house 
research and not on slick salesmanship. Also cther 
equipments could lead to uses not currently antici- 


pated. 
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ADDRESSED «Bal. 


APPENDIX A 
ASCII & IEEE 488 (GPIB) CODE CHART 





NUMBERS 
SYMBOLS 
















0 
0 101110 
DIL 
E 
{1 11 
1 * STX 
2 (2) 
3 23 
111] ETX S 
3 (31113 (191123 m. 
4 SOC 924 cA 124 144 
1 EOT $ 
4 {41114 im 24 (36! 152! E i سد 64م‎ 
5 PPC ui4 125 145 
1 1 ¿ ¿RO NAK % 
15)] 15 121) E 1371] 













12 {18}! 22 
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74 (116: 





































35 - 45 ۱۵9١| 55 bna 65 (1011175 1117) 
" ACK R 66 106 126 146 166 
(6) m (1221| 26 (1381! 36 1541|46 1701156 1861/66 {1021} 7 (118; 
47 ; 67 107 127 147 er 
CN ETB 7 D ۷ 
{171| 17 (23)| 27 13911 37 (1551|47 (211157 و‎ 67 u 77 1119: 
GET "t SPE (50 70 110 130 150 
18) = (241/28 14011 38 (56)! 48 (2211 58 1881168 ٦08 11201 
DC 8 71 111 131 151 
EM ) 9 | Y | 
(91119 (25)! 29 (411139 1571149 1731159 (891169 (105) 





172 


11911 


34 
TI 
AM Nu: T 2C (44) 
35 55 
(13,110 zus 20 ) 30 
ا‎ 1301} 2€ (4611 3€ 
37 57 77 ? UNL 
Wr sert 4۴ 


SECONOARY 


TALK ADDRESSES 5 


UNIVERSAL COMMANDS LISTEN ADDRESSES OR COMMANOS 





IA (1227! 





















7 (DEL) 
1117E 027 








{7911 SF 195116 








KEY TO CHART 











oclal GP)B code 
NA K ——7|—— ASCII character 
hex decimal 
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APPENDIX B 
GPIB PROGRAMS 


A.  WAVETEK MODEL 270 DEMONSTRATION PROGRAM 


The following program provides an introduction to the 
Wavetek Model 270 Function Generator using the  HP-85 


computer as controller. 
"Wavetek Function Generator" 


10 t program to control 

20 ! Wavetek Model 270 

30 1 Function Generator 

IO CET IS f 

50 ! Slave Wavetek tc HP-85 

60 REMCIE 720  !assumes wavetek address is 20 
70 1 Lockout Wavetek front 


€0 ! Panel control 

90 ZCCAL LOCKOUT 7 

100 ! Select functicr 

T10 CLEAR 

O DET ENTER FUNCTION N DNB ER T 
130 DISE 


140 CISP "SINE WAVE = 0" 

150 DISE "TRIANGLE WAVE = 1" 

160 DISE "SQUARE WAVE = 2" 

170 DISE 

180 <- INRUT C 

E CUDLEUT 720; "C'",C 

200 Y select amplitude 

210 CLEAR 

Petrone AMPLITUDE IN VOLTS" 
230  DISE "(MAX 10 V. PEAK)" 
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240 
259 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
545 
550 
560 
570 


LISE 

INPUT A 

6 )) 720 1 NIA 

! select frequency 

CLEAR 

LISP "ENTER FREQUENCY SREZ 
DISE "(MAX 12MHz)" 

020| 

INPUT F 

CUTEUT 720;"F",F 

! select DC offset 

CLEAR 

(1 5 ۶ CERES 
DISP ۳ )+ = 5 V. MADE 
LISE 

INPUT D 

CUTIUT 720; D",L 

! select DC offset 

CIEAR 

DISP "ENTER O0 TO EXECUTEN 
DISP "YOUDSMSUNCTION" 

DISP "ENTE OTHER THEN O 
DISF "10 CHANGE FARAMETERS" 
LISE 

INPUT B 

JE E <> OS THEN 110 

CUTEUT 720; "B",E 

CUTPUT 720; "P11" 

! input status of Wavetek 
OUTPUT 720; "XT3I" 

ENTER 720: P.A; D, B,C, P G 
!print Wavetek parameters 
PRINT "WAVETEK PARAMETERS" 
ERINT 

IF C=0 THEN LET C$="SINE WAVE" 


50 


IF C=1 THEN LET CF="TRIANGIE WAVE" 
IF C-2 THEN LET C$="SQUARE WAVE" 
PRINT "FUNCTION",C$ 

ERENT "FREQUENCITAZ)", E 

ERINI "AMPLITUDE(VOLTS)",A 

2۶۰٢ ۶ ۲۰۰۰۷ 070:۴0۶ ۶۰۰ ٥۰٠۱۰۰۰٠۷٥٦٠٢٢.) ۹ 1م‎ 

ERINT 

CLEAR 

ı ask for next function 

DIP DO ۰)٢ ٣'9 0 
LISE "ANOTHER FUNCTION (Y/N) ?" 


INPUT Y$ 
IF TEY TREN 119 
CLEAR 


! store function iu memory 
BIST DO TOU WISH TO STORE" 
BESE TOUR FUNCTION IN MEMORY" 
DISE "(Y/N) ?" 


INPUT NS 
IF NS="N" THEN 860 
CLEAR 


Poe CENTER MENO ADDRESS" 
DISP "(1 TO 80)" 

0 M 

CUTPUT 720; "P',F,"C",C,"A",A,"D", D,"BOPT1", "M'', M 
CLEAR 

foe YOUR FUNCTION IS" 

DIR ES STORED IN MEMORY" 

Diets LOCATION:  ",M 

DISE 

! recall a function from memory 
DIESE DO ٣٢۰٠٢۳٢ WISH TO" 

DISE TECALL ANL EXECUTE" 

DISE "A PROGRAM STORED IN" 

BEN AVETER MEMORY (Y/N) ?" 


51 


910 
920 
930 
940 
950 
960 
Su) 
980 
990 
1000 
10 10 
1020 
1030 
1040 
1050 
1080 
1970 
1980 
1130 
1140 
1150 
1160 
1170 
1180 
1190 


INFUT N$ 


IF N$-"N" THEN 1130 
CLEAR 
DISE “ENTER MEMCRY LOCATICN" 
LISP “OF STORED FUNCTION" 
INEUT Y 
CUTPUT 720; "Y",Y,"I" 
CLEAR 
DISP "FUNCTION FROM MEMORY" 
DISP "LOCATION: "¿Y 
DISP "IS NOW BEING EXECUTED" 
DISP 
DISP "DO YOU WISH TO RECALL" 
DISP "ANOTHER FUNCTION (Y/N) 2" 
DISP 
INEUT Y$ 
IF Y$-"Y" THEN $40 
CLEAR 


DISP "W207 YOU WISH TOE 7۲ 


DISP "ANOTHER FUNCTION (Y/N) ?" 
INPUT Y$ 

17-6۰۱1 THEN 110 

DISP "GOODBYE" 

STOF 

END 
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B. PS 5010 ARD DM 5010 DEMONSTRATION PROGRAM 


This program demonstrates scme of the capabilities of the 
Tektrcnix PS 5010 Programmable Power Supply and the DM 5010 
Programmable Digital Multimeter. The HP-85 computer is 
assumed as controller. If some other controller is used, 


tke ccde may need modification. 


10 ! Program to demcnstrate 
20 ! the PS 5010 and DM 5010 
30 Addresses must be 

40 ! DM = 16 

50 PS = 22 

60 must poll PS 8 DM 


70 ! before sending any inst. 


[I] 


Be 


Beg 


80 Y after power uE 

J0 S=SECLL(7 16) 

109 S=SFOLL (722) 

ND 1 set PS to power-on state 
110 CUTEUT 722;"INII" 

120 ERINT 

130 CLEAR 

135 ! logic supply demo 

ES TEE “CONNECT EM TO LOGIC SUPPLY” 
150 5ات‎ 

160 DISE "ENTER LOGIC SUPPLY VOLTAGE" 
۳۷۶۲۰٠۶٠۱ )+۸ .,5 TO 45.5 VOLTS)" 
180 INEUT L 

190 IF 1>=4.5 AND L<=5.5 THEN 230 
290 DISE "YOU HAVE MADE AN ERROR" 
210 DISE "TRY AGAIN" 

220 GOTC 150 

225 ! set DM to read dc volts 
0))“ ۰6 ٣ 

235 1 set PS logic supply 
2370٣٣1071020: ۲۲061 
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245 
250 
252 
293 
255 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
385 
390 
400 
405 
410 
420 
430 
440 
450 
460 
465 
470 
480 
490 
500 
E05 
510 


Y turn ۃ‎ ۰ 7٣٦ 

OUTPUT 722;"OUT ON" 

! delay to give meter time 

! tc read voltage 

WAIT 1000 

! enter meter reading 

0 یھ َو CUIFUT‏ 

ENTER 716;A5 

ERINT "LOGIC VOLTAGE IS:"A$ 

PRINT 

LISE 

CISP "IHE DM REALING SHOULD AGREE” 
LISE "WITH THE طط‎ ۷ ND THE" 
DISP "LOGIC .5 0۲ ۶1١ TT 

LISE 

DISP "DO YOU WISH TO TRY AGAIN(Y/N) 2" 
INPUI Y5 

LE THEN 150 

! set PS to power-on state 

0 ۶ 701 

CLEAR 

' negative supply demo 

LISP “CONNECT DN TO NEGATIVE" 

LISE TILOR TENG SUPPL 

0 

DISE “ENTER NEGATIVE VOLS 

LISP VOLTS)M 

INEUT N 

! check for input within tolerance 
IF ABS(N)>=0 AND ABS (N)<=32 THEN 510 
LISP "YOU HAVE MADE AN ZRROR" 

DISP "TRY AGAIN" 

GOTC 430 

! set negative supply voltage 
602۶07 ھ و2‎ ۶ ٥۷٥( 
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515 
220 
525 
E30 
225 
540 
550 
560 
570 
580 
590 
600 
605 
€10 
620 
€30 
640 
650 
660 
670 
680 
690 
700 
705 
710 
720 
130 
740 
745 
750 
760 
765 
770 
75 
780 


leturn om Pomoutput 

OUTPUT 722;"OUT ON" 

! delay for meter 

WAIT 10900 

! read DM 

CUTPUT. ۹, ۹9 “۳ 

ENTER 716 25 

PRINT "NEGATIVE VOLTAGE IS:",N$ 
FRING 

Pol Try ANOLE ey nlue (Y/N) ?" 
INPUT Y$ 

IF Y$="y" THEN 400 

1 set PS to power-on state 
OMR ۶ 2 ۳ 

CLEAR 

! positive supply 
DIUSEPUECONNECT "DAL TOMPOS IT IVE" 
TRSZENFTOATING ۲ +7۷ 

DISE 

ME- P MENTER DESIRED VOLTAGE" 
DISE "(0 TO 32 VCLTS)" 

LISP 

INFUT P 

' check for input within tolerance 
IF E>=9 AND P<=:2 THEN 750 
DISP "YOU HAVE MADE AN ERROR" 
See TE Y AGAIN" 

GOTC 660 

! set positive supply voltage 
CUTEUT 722."VPOS",P 

CUR PUT 722." "OUT ON" 

! delay for meter 

WAIT 1900 

! read DM 

٠۰6 0 ٦ 


25 


790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 


ENTER 716;P$ 

ERI NT 

PRINT "POSITIVE VOLTAGE IS:",P$ 
DISP "DO YOU WISE TO CHANGE VPOS" 
LISP "(Y/N) 2" 

INPUT YZ 

IF Y$-"Y" THEN 660 

CUTEUT 722;"INIT" 

CLEAR 

DISE "GOODBYE" 

END 
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C. 488XILII AND 22XLA DEMONSTRATION PROGRAM 


This program provides a simple demonstration of sore of 
the capabilities of tbe Photodyne 488XLI and 22XLA combina- 
tion. An input may be provided to the 22XLA but is not 


necessary for this deronstration. 


10 ؛‎ 488XLI and 22XIA Demonstration 
20 ! Ncn-trigger address is 02 

30 ! Termination sequence is CR-LF 
35 t Set terminaticn sequence 

O 6777501 1۹16۲ء7‎ 130,13 10 

BO CLEAR 

60 DISP "488XLI SAMELE PROGRAM" 

70 Y read data from 22XLA via 488XLI 
80 ENTER 702;A 

90 LET A=A/100 

100 ! Display data on CRT 

110 DISP USING 120;A 

IU XUNMAGE DDDD. DD, "LEN" 

139 GOTO 70 

140 END 
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D. PROGRAM TO DZMONSTRATE THE HP-9111A GRAPHICS TABLET. 


This program demcnstrates some of the uses of the 
Hewlett-Fackard Modei 29111A Graphics Tablet when used with 
the HP-85 Microcomputer. The HP-85 and HP-9111A are the 
only equipment needed for this program. This program is a 


modification of a program found in Ref. 9. 


10 ! program for 9111A Graphics 

20 1 Tablet 

30 Y! Tablet address - 06 

35 ! Print softkey menu 

40 FRINT "SOFTKEY 1 = COPY CHT TO PRINTER" 
50 PRINT “SOFTKEY 2 = ERRSEZERT AND CLEAR PRSS 
60 ERINT "SOFTKEY 3 = ISTWGZE-SANPLE MO ٦ 
70 PRINI "SOFTKEY U = SWI ICHE FOLLOW," 

80 FRINT "CONTINUOUS-SAMPLE MODE" 

90 PRINT “SOFTKEY 5 = SWITCH- NORMAL," 

100 ERINT "CONTINUOUS=SAMPLE MODE" 

105 ! set variables and IC's 

110 CPTICN BASE O 

120 LIM K$(25) 

130 K$="RBE36,50,3;BE34U,2P32;3P30" 

140 SHORT X(1000),Y (1000), 

150 INTEGER P (1000) 

160 X(0),Y(0),P(0),J,F120 

170  ELOTTER IS 1 

175 t! initialize tatlet 

180- OCCIPUT ۹ 1 1- 

185 ! initialize grarh 

190 GCLEAR 


200 GRAPH 
7ت "۶ ے‎  )۹ ١۹ ۶۹٣ 
220 FRAME 


230 ۸ْ ۶ ۱ O 2G 
240 ICR I=1 TO 5 
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250 
260 
270 
280 
285 
290 
300 
310 
EAS 
320 
330 
340 
350 
360 


370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
290 
540 
590 
560 


READ V 

1$ (I,I)-CHR$(V) 

NEXT T 

DATA 4,4,31, ام‎ 

! check for interrupt 

CN INTR 7 GOSUB 390 

GPU 795508  ْ 7٦ 

ENABLE INTR 74,9 

! input tablet ccordinates 
617۶07۰706 ۲ج۱۱0‎ ٣3007 706;x,y 
X=X/40 3 Y=Y/40 

IF X<5 OR X>300 THEN 320 
LECT OR YO216 THEN 320 

MOULE oy i+2 a BELOT TS,1 2 NOVE 
Y-5,Y*2 ð BPLOT T$,1 

GOTO 320 

! Check status of interrupt 
SmATUS TTA 

CUTEUT 706 ۷ء‎ 

FNELER 706; S1 

TESIT(ST,2) THEM GOSUB 450 

IF BIT(S1,7) THEN GOSUB 530 
Papen: IN ee 7,5 a RETURN 
MA = 1) THEN PLOT HRH XY LJ ,P (3) 
J=J +1 

2۶23 000 “THEN” 590 

ONMPPUT 796; "OD" 

ENTER 706;S,T,U 

X(J)-S/H0 ® Y (J)=T/40 @ P (J) =U 
ELO (3) Y (0) , 2 (1) 

RETURN 

00 706; "RSI" 

ENTER 706;K 

CUTEUT 706; KS 


' Call subroutine dependant on menu softkey 


دو 


570 CN K GOSUB 670,700,750 800,850, 10,101 M 
730,730,730,730,730,730,730,730 

580 RETURN 

590  CCLEAR 

600 FRAME 

610 MOVE X(1) ,Y (1) 

620 FCR J=1 TO 1000 

630 FLOT XID GP) EU 

640  NEXI J 


650 END 
€60 ! Subroutine to copy graph 
670 COPY 


680  FETURN 

690 ! Subroutine to clear graph 

۱۶۳۲ی 700 

710 FRAME 

720 J=0 

730 RETURN 

740 ?! Subroutine for single-sample mode 

750 OUT EDS یئ‎ 

1ح1 760 

170 E(J)=0 

780 FETURN 

790 !: Subroutine for switch-follow, 
ccntinuous-sample mode 

809 ٣٣٣۶۲۲ 

810 ۶10 

820 E{J)=0 

830 RETURN 

840 ! Subroutine tor switch-normal 
ccntinuous-sample mode 

850 ٣ 0۱077۶ 0557061160012 ۷ 

860 10 

870 E(J)=0 

880 RETURN 


60 


E. 


gain 


FREQUENCY-VS-GAIN PROGRAM (PRINTED OUTPUT) 


This program will test and print out the frequency and 


at tnat frequency for a circuit connected to the 


programmable test equipment: 


10 

20 

30 

40 

50 

60 

70 

80 

30 
100 
110 
120 
130 
140 
150 
160 
170 
175 
180 
190 
290 
210 
220 
230 
235 
240 
245 
250 
260 
270 


! Progran for freg-gain 

! Test equipment addresses 

! Function generator - 20 

! Pcwer supply - 22 

! Multimeter - 1€ 

! poll test equipment 

LOCAL LOCKOUT 7 

S=SEFOLI (722) 

S=SPOLL (716) 

! Initialize test eyuipment 
0 +7 
605۶200۰722 ٤ 

!Set power supply 

CLEAR 

DISP VENTER NEGATIVES VOLTAGE" 
DIC ETHNO TO o2 VOLTS)" 

INPUT N 

! check input within tolerance 
IF ABS(N)<=32 TREN 220 

DISE "YOU HAVE MADE AN" 

۲۰٠٠6 0 ENTRY"‏ ۷ط 

GOTO 150 

CUTEUT 722; 'VNEG",N 

DISP "ENTER POSITIVE VOLTAGE" 
DISE "(0 TO 32 VCLTS)" 

INPUT. P 

! input within tclerance? 

IF P>=0 AND P<=32 THEN 290 
DISP "YOU HAVE MADE AN" 

DESEE CORRECT ENTRI" 
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280 
290 
300 
310 
320 
330 
340 
345 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
300 
390 
600 
€10 


GOTO 


230 


CUTFUT 72235 "BOSNAE 


! Enter other parameters 


DISE 


"ENTER STARTIINGOBHBESSENCYI 


INPUT F1 


DI SE 


"ENTER ENDING FRE 7-1 


INPUT F2 
! check frequencies 
IF F1<F2 THEN 400 


DISE "ENDING  ؛ لا‎ ٦ٰ 
DISE "LESS THEN START Oy 
BASE WIREODENCT"' 

GOIC 310 

DISP "ENTER NUMBER OF +۳٢۷ 
DISP "(100 EOINIS IS USUALLY ENOUGH)" 
INPUT N1 

! Display parameters 

CLEAR 

DISE "NEGATIVE VCLTAGE =",N 
DISr "POSITIVE VOLTAGE =",P 
DISE “STARTING FREQ >> 
DISpOUENDPNGUERPRO. 210552 

DISE "# OF POINTS -",N1 

LISE 

DISE "DO YOU WISE TO CHANGE" 
DISP "(Y/N)?" 

INPUT 7 

IF Y$-"Y" THEN 140 


! Turn on power supply 

CUTPUT 722;"0UT CN" 

! Set up function generator 
CUTPUT 7/20: NIEDER TEOF" , E 1, Vo 
۲۰۶۲۹۶۴۲۷۰۲6۴) 9۹ 


ERINT 


PRIN U EREQUENETZVS-GATN! 
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620 
€30 
640 
650 
660 
665 
670 
680 
685 
690 
695 
790 
710 
720 
725 
130 
740 
750 
760 
770 
780 
790 
800 


BRENT "FRE ق6‎ ٣۷ 
F2=F1 

B= (F2-F1)/(N1-1) 

FOR I=1 TO N1 

«AIT 1000 

! read meter 

puUEUT 6 "SENE" 

ENTER 716;P1 

! ccmpute gain 
G=20*LOG(P21*P1 /.5) 

! print frequency and gain 
PRINI USING 710;E2,G 

٣۳ء‏ راز زے 0010 1110۱۴60 000 0 000 ۶۰۰۱۱ ب29۰۹ 
E2=INT (B) *I+F1‏ 

1 set 270 to next frequency 
CUTEUT 720;"F",Pp2,"I" 

NEXT 1 

bore DO YOU WELSH ANOTHER RUN" 
DISE "(Y/N) 2" 

INPUT YS 

THEN 100‏ 7ت 

DISF "COO DE YE” 

END 
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F. 


FREQUENCY-VS-GAIN PROGRAM (GRAPH OUTPUT) 


This program is a modification of the frequency-vs-gain 


program cf Section E using the HP-85 graphics capabilities. 


The 
the 


10 
20 
30 
40 
50 
60 
70 
75 
80 
90 
100 
110 
120 
120 
140 
150 
160 
170 
180 
185 
190 
200 
210 
220 
230 
240 
20 
255 
260 


data points are graphed on the computer display and then 


display is copied on the printer. 


! Program for freg-gain (graphic) 
! Test equipment addresses 

! Function Generator - 20 

! Power Supply = 22 

t Multimeter = 6 

? Pcll test equipment 

ICCAL LOCKOUT 7 

' initialize variables 

DIM P1(2,150) 

271) 

S-SPOLL (716) 

! Initialize test equipment 
OUTPUT 716; "ACV" 

CUTEUT ٗ 1 

! Set Power Suprly 

CLEAR 

DISP "ENTSB NEGATIVE VOETAGE" 
DISE TO TG 32 VOLTS) 

INPUT N 

' input within tclerance? 

IF ABS (N) <=32 TEEN 230 

DISE "YOU HAVE MADE AN" 

DISE INCORRECT ENTRY" 

GOTO 160 

CUTEUT 722; "VNEG",N 

DISP FENTER POSITIVE VOLTAGE 
INPUT P 

! Check if input within tolerance 
IF E>=0 AND P<=:Z THEN 300 


b U 


270 
280 
290 
300 
310 
320 
330 
340 
350 
355 
360 
370 
380 
390 
400 
419 
420 
430 
440 
450 
469 
470 
480 
490 
500 
510 
220 
530 
540 
550 
SEO 
570 
580 
590 
600 


LISP 
DISE 
GOTC 


"YOU HAVE MADE AN" 
INCORRECT ENTRY" 


240 


OUTPUT 722;"ypos",p 


! Enter other parameters 


LISP 


MENS ARTING FREQUENCY" 


INPUT F1 


DISP 


DENTERZENDTNGSZEREOUENCY" 


INPUT F2 
! check frequency order 
i TICF2 +75 8174 ۵ 


020-6۰۱۱۶٦0۰ 1۷3 EFRECUENCY IS" 

DISE LESS THEN STARTING" 

٦‏ ۰ ل5 

GOTO 320 

DISTEVENDER NUMPERSSERPCINTS" 

LISP TIST POINTS MAX)" 

Dior (100 POINTS 15 JSUALLYTECENTY)" 
INPUT 11 


! Dispiay parameters 


CLEAR 

LISE "NEGATIVE VCLTAGE =",N 
DESP "POSITIVE VOLTAGE =",P 
DESEZUSTARTING EREO =", Fi 
Poe ENDING FREQ =",F 2 
DISE "# OF POINTS ="ŅN1 

LISP 

LISE "DO YOU WISH IO CHANGE" 
DISP "(Y/N)?" 

INBUT YS 

2277-۱7۱٢ THEN 150 

! Turn on power supply 
CUTEUT 722; "OUT CN" 


ETD funeticr generator 
ONE 20 "COATEOF",F 1, "200 
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610 
620 
630 
€40 
650 
660 
670 
675 
680 
690 
700 
705 
710 
715 
720 
730 
740 
745 
750 
760 
770 
780 
790 
800 
810 
€15 
817 
820 
830 
840 
850 
855 
860 
870 
880 


! Start taking data 


PRINT 
PRINT "FREQUENCY-vs-GAIN" 
PRINT "FREQ: GAIN:" 
E1(1,1)=F1 

B= (F2-F1) 


FOR I-1 TO Nl 

! delay for meter 

WAIT 1000 

٤‏ 0777 و00 

ENTER 716;G 

! ccmpute gain 

E1(2,1) -20*LOG(G*G/. 5) 

! print frequency and gain 
PRINT USING 730;P1(1,1),P1(2,1) 
IMAGE DDDDDDD.D,"Hz" DDLD.DD, "ap" 
P1(1,I*1)-INT(B/(N1-1)) *I«F1 
! set 270 to next frequency 
CUTEUT 720; "F",E1(1,I* 1) , "I" 
NEXT I 

! initialize plot 

GCLEAR 

ص۵ ٣۳۹۶/۶8002‏ 2 ت ۴ 

XAXIS 0,. 1%B 

YAXIS 0,10 

! plct points stcred 

! in array pl 

FOR I=1 TO N1 

ELOT PR 2 | (2, 1) 

NEXT I 

SEN DE 

! label plot 

LDIR 0 

VOVE . 3B, 80 

IABEL "MAG (dB) vs FREQ" 
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890 
200 
910 
920 
930 
335 
90 
$50 
960 
970 
$80 
990 
1000 


MOVE .1*B,- 10 
NMEISMUSUREOU . 1t*B,''Hz STEPS! 
IDIR 90 

NOVE F1. HEB, 20 

0۸۸۲ ۲۰۱۱۸6 )۲100-2-8 STEPS) " 

! ccpy piot on printer 

COF Y 

CISP "DO YOU WISH ANOTHER RUN" 
DISE "(Y/N) 2" 

INPUT YS 

7-7 119 

11580" 0 ٦ 

END 


ey 


Ge FREQUENCY-VS-GAIN PROGRAM (DISK OUTPUT) 


This program is a modification of an earlier freguency- 
vS-gain program. This program writes a file onto a disk 
which is ccmpatible with the  VZWRITE subprogram of VisiCalc 
Plus. Cutput is stored by rows, frequency and then gain. 
The data disk is assured to be "INITIALIZED" and the micro- 


conputer must be using that disk as its mass storage device. 


10 Y Program for Freg-Gain (disk) 
20 Y Test equipment addresses 

30 ! Function Generator = 20 

40 ! Power Supply = 22 

50 ! Multimeter = 16 

60 ! Pcll test equipment 

70 LOCAL LOCKOUT 7 

(722) ت٥۶0‏ دعع 80 

99 S=SPOLL (716) 

100 ! Initialize test equipment 
110 OUTPUT 716;"ACV" 

120. 07 +٦۷٣٦ 

130 ! Set Power Suprly 

140 CLEAR 

150 TISP "ENTER NEGATIVE VOLTAGE" 
160 DISP "(0 TO -32 VOLTS)" 

170 INPUT N 

175 ! input within tclerance? 

180 IF ABS(N)<=32 TEEN 220 

190 DISP "YOU HAVE MADE AN" 

200 DISE INCORRECT ENTRY ۷٣ 

210 GOTO 150 

215 ! set negative supply 

220 OUI]  "VNE GN 

230 DISE VENTER POSITIVE VOLTACEN 
235 LEIESP ۶۶١٣ 4-۶ ۸۵٥۷٣ 

240 INEUT P 
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205 
250 
260 
210 
280 
285 
290 
300 
310 
320 
330 
340 
345 
350 
360 
370 
380 
390 
400 
405 
410 
420 
430 
440 
450 
460 
470 
430 
490 
500 
510 
520 
530 
540 
550 


! input within tclerance? 
IF E>=0 AND P<=32 THEN 290 


DESP 
LISE 
GOTC 


"YOU Have BADE AN" 
"INCORRECT ENTRY" 
230 


! set positive supply 
GUTEUT 71229 POS P 


! Enter other parameters 


DISP 


DENTERESPAHTFINSTPFREQUENCT" 


INPUT Fl 


DISE 


"ENTER ENDING FREQUENCY" 


INPUT F2 
! frequencies in order? 
IF F1«rF2 THEN 0 


DISE SENDING FRECUENCY, IS" 
DIST TESS THENZSTARTING" 
0 6 ۰ٰ ٤ 

GOTC 310 

ieee ENTER NUMBERS Or POINTS" 
DISE "(MAX 150) 

Re {100 POINTS IS USUALLY PLENTY) 
INPUT N1 

! Input disk filename 

Dae ONT ER FILENAME FOR DISK" 
INPUT A$ 

! Display parameters 

CLEAR 

DISE "NEGATIVE VCLTAGE =",N 
DISP "POSITIVE VCLTAGE =",P 
Pies STARTING FREO =", F1 
DES EENENDING FREQ =",F 2 

DISE "# OF POINTS =",N1 

DISP “FILENAME =",A5 

DISE 

LTS DO YOU WISH TO CHANGE" 
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560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
"n5 
730 
735 
740 
750 
755 
760 
770 
780 
790 
800 
810 
820 
825 
830 
840 
850 
860 


DISP "(Y/N)2?" 
INPUT Y$ 

IF Y$="Y" THEN 140 

! Turn on power supply 

OUTPUT 72 ۲ 

! Set up £unction generator 
CUTPUT 720;"COA lIBOF",F 1," P1I" 
! Set up disk 

CREATE AB ,300,10 

ASSIGN# 1 TO AB 

! Start taking data 


Pr ee 
ERINI V"EBEOQUENCY-vs-GAXN" 
PRINT “FREQ GAIN" 
E2- F1 


F2 (F2E 1) 

FCR I=1 TO N1 

! delay for meter 

wAII 1000 

! read meter 

60 7  -ؤؾو‎ 

ENTER 716;P1 

! compute gain 
G=20*LOG (P 1*P1/.5 

FRINT USING 810;P2,G 

! Write to disk 

PRINTS 1,2*1-1;PZ2 

ERINT# 1,2*1;G 

7760ھ ۹ے 8ج ۰ظ تے 028501080 6٠۰‏ 18.2 
F2=INT (B) *I+F1‏ 

! set 270 to next frequency 
QUTPUT TI IURI ML" 

NEXT I 

! Close disk file 

ASSIGN# 1 TO * 
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870 
880 
890 
900 
910 
92) 


DISE "DO YOU WISH ANOTHER RUN" 
DISP "(Y/N)2?" 

INPUT Y$ 

IF Y$="Y" THEN 100 

DISE "GOODBYE" 

END 


71 


LIST OF REFERENCES 





Hewlett-Packard Inc. Series 80 I/O Programmin 
quide, Palo Altc, are ٣٦٣٣ : S MET n = 
Wavetek Inc. Ereliminary Instruction Manual, Model 
270 12 MHz programmable Function Generator, San Diego, 
CA: 19822 

Tektronix I I TUG 5010 


Programmable 


Tektronix Inc: 


Tektronix Inc. Instruction Manual, DC 5009 Universal 
Counter/Timer, Eeaverton, OR, 1981. 


Hewlett-Packard Inc. Hewlett-Packard, VisiCalc Flus 
Palo Alto, CA, 1982. 


Institute of Electrical and Electronic Engineers, Inc. 
Standard Digital Interface for programmatle 
Instrumentation, New York, NY, 1983. 


Hewlett-Packard Inc. Hewlett-Packard 1985 Catalog, 
Palo Alto, CA, 1985. 


H ett-Packard Inc. Cperating and Service M 
1615A Logic Analyzer, Palo Alto, C = 


ewl and Service Manual, 
615 A, 19 


72 


BIBLIOGRAPHY 


Hewlett-Fackard Inc. Operating and Service Manual, 59401A 
Bus System Analyzer, Palo Alto, CA, 1975. 

Photodyne Inc. 1+11۰ 17 Model 488XLI GPIB 
interface, Newbury Park, CA, 198%. ux 


T3 


INITIAL DISTRIBUTION LIST 


No. Copies 


2 0142 ۶ تد 
Naval Postgraduate School‏ 

Mcnterey,Califorria 93943-5100 

Department Chairman, Code 6 


2 
Department of Electrical and Computer Engineering 
Naval Postgraduate School 
MOnterey, Califcrnia 93943-5100 


Frofessor J. P. Fowers, Code 62Po à 
Department of Electrical and Computer Engineering 
Naval Postyraduate School 

Monterey, Califcrnia 93943-5100 


Erofessor H. Titus, Code 62Ts I ۱ 
Department of Electrical and Computer Engineering 
Naval Postgraduate School 

Monterey, Califcrnia 9394 3-5100 


I ee Commander Thomas Taylor,USN 2 
Space and Naval Warfare Systems Command 
Washington, D.C. 20363-50909 


Defense Technical Information Center 2 


Cameron Station . . 
Alexandria, Virginia 22304-6145 


74 


























H 
= = 7 
N 
. 
T P " - 
x = + A 5 . = 
E | N E E 7 - - A O 
~ d P = “> z لیے کے‎ . - z = - "o 
= ہے‎ P سک سو‎ E A Me ہے اہ‎ 
> = T pe a - = e= 
H anis ا‎ radica dice t 
2 = "P ملم اا‎ 
PET. -= a -- 
= =e "I مر ےھ‎ s = 
٠. ٠ > Mua Ls 
P ٠ os - . E a > =. 
ue E = ۴ — = > ap a 
P be ایا‎ Menden = 
م - کو سے‎ 


"P 


LI 
+ - 
. e. 
2 E m 
s - E - 
e Tia SD aadal 
Cay " nnl 
-- LAA " n 
- A o 


[o LO m OE Rn ra 
— vc y 


E 
E — 
پ ہے‎ 7 - 
2 " E "n em 
2 ” سے‎ II = s = . 
» FE m - 2 。 = 

PEEL ” a» 6 Ter me we سیا‎ P dk 
_m = .. uo ad y nr > PE 2 

- .. e. 4 d e" - » ra Ld 


= 2 
E ` 
P - 
E U 
D " 
mr "S mre 
E .. - ^. y 
۰ e 5 Pd "XI "2 PX pg eto ^ = 
=- =. * - we انی‎ 


MEC  ےپ‎ 


n ہے‎ 


۰ ۰ 
7 TL of 
- م‎ 
e~ ر پە سر‎ 
P 7 E me 
I" بک‎ 
=é = > 


2 جو کات‎ ns 
- EIN - ” 一 > 
" E - 
- E N P 
四 E 
: X E 
۰ 
- وھ‎ 

۰ نے بس‎ -* y = L Ea ll, " 
N .. PEL A ald M رپ‎ "Lm P E PPP Nd P 
e. - < - "n POOLE CI NL To mind کے »” - سي‎ ois E - mon 一 am 一 了 一 
L سے ۔ ,- } ےو تھے یہ‎ m m - مم‎ O d رہ‎ aa -- e -— 9 
اسر بے یں‎ sa - Er tn 
MP abad ee iain "S 
van tn? a 
O E رج ا ا‎ 
e... 


æ = 
N D 
ر م وو‎ 
2^ o7 . » - 
"TUER „æ. ” 


IP T e . TT 
A AAA L laiis 


-. m 
E dw» E 
. * 
۰ 
» 
7 F D 
7 - 7 
E .. A E E 
= A AAA aa 2 نے‎ s- 
mai 


E m 
- . J ےہ ماف ہد ہے‎ ? 
ے‎ er s` LOL oe di 2 bd 
P 2 EX = 
m a E 
-- E 
٦ > E 
E PL m 
ہے یہ‎ 
f - " ۰ 7 . H 
* L] a = رر‎ Y x 
z = "T. .- . ». * و‎ "ELS eum FIT er ES A - œe = 
" 2 U E TES f o" ~- à "LL = . 2 MT dia ee n m— omm oma Paten را‎ 
» P "P ” , .- - + ml . y P TEM - "ner d - e سو‎ 
E , add TIE C ٠ wn ۴ - e - m AE ہکم‎ 
- ' P, ML T) PP ص ے مر سر‎ 和 » "P ×ش‎ - 
es = - = ad d p" A بی‎ garras Pe 
E LP . mE s - CO L کے‎ - © p بونج ہت‎ 4 - 
vm E E * en n Me Per ہے‎ di PI Mp وس یہ‎ 
re- 中心 ne 
taii œ 


^ 
» E 
> 5 
N T E 
E 
. P 
P ص‎ = 
oe ٠ u >» Ey - 
> = So EEE albae me we = “人 > ee pc 
y s OT tua” N d = OCA وس‎ "ru 1m ps —— "Ren 
a "TD Pr » = = ہے ےو ۔‎ =) œ 
TTL جديا ر فر , ۳۶ےے ۔‎ "p ind 
- 791.200 E a a teas . 
y “ate ue ee” ۔ وم سےے ھ حس ۔ پ ھے ے۔‎ " 


— 
(a Pe vm pp 
heal al 


PA dn 
S ee 
-agu عو‎ 


MMOL کی‎ 
"x d œ Los 
جح دج ےرہ‎ . 
P کھ‎ - 
- 
0 
LI 


mE TX 
d E LE 。 
x v T. 
== PLE 
E `% 
+ 
7 . - = Ld "o E 
نے‎ a ںیي‎ a ہب‎ + "E - 
- Er nd Mr Mp 
R 6 e. پا سے ہیں‎ nn ee = EL 
s 站 -* Fre n rr 
یہ سے بد‎ ۰ E . Ld ےہ ہیں‎ RD P adsit Mn 
. ” ves. een میس‎ >. en 
kd H gta ot E bd den ےب‎ Joa) جو می میں‎ 

L T p 
"LI od „mm... ru ا‎ 
A a POPP PER دم‎ 
mme ys i mrt oe A ial pape ana 
> س یا‎ lad —— A Zr ہے‎ -a mrt Im 
C لہ‎ s 
N S 


rd dl sy Am 
P» 
N R HLL N 
Las A a Ea 
« ۰ lan a ce en" "¢ 
ió او بے رج‎ 
Pd A AA altel PEN d 
EP a NE 7 
PX LL TS یر یٹ‎ t- A A 
pup Y E CIA P p Ls wc a m anm 
ےے‎ d aided A Y and ر سی‎ 
un amp 


Pm aad - 


wem A 
مہہ ے‎ 


Ld -- 
0 
"XP " 
n 
"REL P 
- .. uu.” 
e... 
Jan = 
- 
£e wu 
© سے ھی‎ -e => بے برک‎ 
PA M ہیں‎ .. tr 
el I PE Lad u 
OT en men nen 
A Parla” as A a A ار و‎ Burn ae 
PA n AR AAN: di AA L 


کیٹ 
PILLE‏ 
wg‏ 

م ھر م ہر سو 
ete"‏ 


سج 


da E‏ کا 
"CCP e -- mu"‏ 
v l 5 g‏ 
LS‏ 
E , r ٠‏ 
Ll‏ بر رٹ رت" ٠‏ 
op E‏ 
E "m PT . .‏ 
MCI LI ue‏ سے E‏ ا PPP‏ 
Pour.”‏ بے ى 
A let e‏ 
A aù‏ 
sapra aneas - FT LI id‏ 
lod‏ 


2 


ee A. me - 
_ aes ہر سیا‎ te ~ 
on eee A لے سے . ٭‎ ` E ہد‎ 
PEN Zu Se > ru 1 n 2 - 
T te C 站 k 2 = - 
- “ay Se > =. = * 
a e. = N 
S ۰ 
ro = 
L - ^, .. y > A بی‎ 
4 - 4 v ap (6 بر ری مر'‎ er r ود‎ , "ELI D | 
, A Le B cw euae augus oco" t اچ‎ 
MEE d ad 
PT LL. di 
nv ee سس ےت‎ 
و ت ی یت مړ وړ کې ن ررر ے‎ 
ہی‎ quem etm PET ELA 2.08 
- m atat rt Pond 


RT aa 
mt 一 
ہے ےے۔‎ "S 
M 
Er = s » Y 
N ta. E - - sf. - LI 7 r 
اٹ‎ 4 m 
"^ - 
a P A وه‎ ger . و و‎ T dl oa 
. 7 7 n - "ese d" u 
6 ۰ E e xd < y] ۰ ‘ew P se ah 
- I ^ P g- P TE idis LI صر‎ L 
E " e e c^ "ur got P ws 9 ا ا ا‎ apos 
"I E 5 2-9 sae pede P کی رب‎ 
AA alae 
ri hron TA 
PL L Tr = رر‎ OO? P ری‎ 
Baia La ga 20 T 
PO. TTT = خلت‎ 


EID 
e Ka 





P 


H ad 
LL "TS 
gu ٹہ‎ LL - = E 
PCT IE Ld m kad - PI ” LII 
e sor JJ. .., v" . «e en - 
8 - = - E 
E ` 
۰ + 
U P N 
"^ "T. ~ P 
J wy were 2 U =o 8a" 
pb sr مم‎ e 


„m * 
L PI 


P 
وم‎ ad om ct 
ao e PE anda 


LEE Pd 


| 


ne m‏ 7 7اا ا 
umm wa” mE oodd: `‏ 
A UT -.‏ ےت =“ A‏ 
" 8ص *> ٦ “PR‏ « " ٭ Ad A‏ ب“ ۹ ي 0 .1 
< ۹ ماپ [ E d s." am ” d mr» Man L‏ ےت 
A A IA P Se = o 2 2# “e‏ 
EN S £ v S ۰ "m " -- E 3‏ 
el > ” 7 s DET E nid‏ یڈ “ “کے ي . - پر e dufys‏ 
Ag E a‏ سو 8 - . —-—- 1 
E n æ s ES i ue œ c » " P LR as « ۰ PI ur; ^s P‏ در مو ei Ç‏ وج 
E "PNE g pur -* * e P ed‏ 4 ہے 7 FT m r A P : x » P‏ 
بد Lad L duet rmm PPP at udi‏ دز w v r 的 a - [4 ET] nr PN d PRT‏ < 
ا 4 دیھ اکور V TO‏ ہے ےہ 0 E END L kad‏ “ - 
P‏ ہےر ٹڈ v e . 4 a "LI g 0 " PT a es " ar FIT LRL‏ 
ek ial‏ ےس یم کی -- 27 r A 7 Ç "xml u‏ » 
va Y eg s.m a :‏ ج٭حوط بے و = ds E.‏ 
P +‏ 
B I" mn‏ 
PP A “‏ 
تیب یب A TS dió Pm‏ 
Er di PS tp e^‏ 





| 
| 


0 


> ۔ووے 
L‏ 
زی بر رہ 
ہے ری 
۶ھ ہے دوایدی۔ k‏ 
ہر H l‏ 
n‏ . 
E‏ 


ad 
hans . 
- = ees 
Mes s.299-9 .. 
= " 


er “= + dad - se.” 
POPE ue NC w P T L 
AT ra dip nr PA A OLS di 
aé a ب5‎ >” k v 

qiy mw. 

C ۰ 





E 
> a 
aa N 

ار و 

e 75 * 


T 


OP e moy 


une 

Ay a e 
EE lad PE ہن‎ 
ad d 
. v 





Ve Sina e = 
ash af 

i codi‏ ہا 
eras = Md‏ 
TS CIE. š ٦‏ 
N TTL 0 y má‏ 

2. * 9 wm x N = 
=- " cX 
: c MEE a > 
H e (a T 
B 7 سم ۔‎ 
“nu . H ex 
Ç E -=e 
Ç AN IA 
ددن ورام‎ 

سس دص.یۃ؟ ےی 


e ۳ں وپ‎ tal n F 
-— ام‎ a s 
» > . .- 
1 E ٠ ۰ کی‎ 

.- n " P Im 
" pus Le oe 了 ae e a 
4 MI P ۔یجےوں ج‎ E :٥دظقید‎ ay 
r ےر وہ‎ o" 


-> d 
» RENTAL 


ELLE 
p 


» صي حر 
کے PETT a U‏ 
se‏ ار ہے Pr‏ 
a‏ حسوای ۶م مے ٹس ۔ 
L me‏ 7 سے مر ہو مو ہے 


0 
ern 
aper an r 
اح ے۔ کگھردی و وہہ و عیے‎ "TET dde 
ا‎ Al 
ےت ا‎ |... 
ww... menia El 
te 
"P 
"E ed am tato m ae re “e ا‎ 
EAN) TI ا ا اکا‎ O a ^ 
اس ےا ا ا لپ سس ت۰۹‎ : mise تع‎ ai 
— A r p aia 
Pr ad ua da laonaa و‎ peso 
٣ ہیں‎ ye aiai ee aati 
aas en, ar dtr anm ا‎ ge a 


| 


"E 

E NEN x E E بو کک‎ 

BTT ate سک‎ 
~ Munera 

NS MT RP REEL d 
Acor جا‎ ae we we ee 
PL b ری رو ہف‎ ka H i 
= ae Ta arr 
م‎ $ sub 


1.100 
at eee © 


+ 
e Dn 


eZ gea 0 79 
pd 
m PIT d 
¿ye بر م۴‎ 
ae سے ہم‎ ISP idi id 
Ed nd d 
E" d bad aed 
ET died 
رر‎ 


| 


u. =m 


| 


ns‏ ےدک 
q pato r <“ n Alo ian‏ 
ol B ada A‏ وس 
aN NT edi ۹ wot ne 2‏ 
3o» o^ i A da E‏ 
rr ain PS L Tia A tn te adil‏ 
te a.‏ 0 ہم مہ MU Lo mer tin Dya n (ns WN‏ 
a L TL TEIL] rJ ۹ 2S IET ۰‏ ا L‏ ا om ae hia‏ 
eb as ۰ x B Koe 7‏ “ ۰ ہت کہ EEE C Aadal‏ 
E m LT DIEA ML. Lbs ee 4 M "d ` ‘p 一‏ ت LIN X w dla ds‏ 
N R alied * B ( up T , U LP E v‏ و 
N lad a a, b LI : "] n P "EL ] s‏ د rp‏ ہ٭ صا عو ۰ے( 
a a > 5. a wwy , ^ wœ mb < " ra 4 A w‏ 
سی کروی ہر٤‏ 7 d n IT cy B‏ 
M Lfd . * ee: PETE‏ سر 
og% PS‏ 


wre Vom! 
PELLI Ps 






Pony or 
Pera ag pend t ed 
PITE od idi e 
es L 7 یی رط پر یں تی‎ TE bd 
PE «es wu... dd “م ووي‎ e u چو او یاو ا‎ 
PTT E " eo wer PLI ہے‎ De ی ید‎ 
. FEL 2 2" mm guta AA 
۰ PAS اص ریہ‎ s. ےہ رر‎ 
N m E a id Mus «2909 ا ا ہیں۔ پ‎ a del 
„ud Pat EL LL d x gP e i e g= X st am ELE aiai EL 
ET e amid Mdh "YE LL aL did TA uy oa" Ae 
jug و سم‎ PTE tm ee P Lid E] fac do ۸ a” 
ایی‎ i TIL) PIU و ي‎ Do? e ET ا‎ da 
PES PET TS "84 uy ہے‎ A E 
PE aad 只 D - PR اا‎ 
wer OP Fre ET نا وہ ا‎ TTT dede 
Er کو‎ TA "PL Lala A ead a B dal aah liad 
PA E RTT T hd TI حا‎ 7 oa 2c ا‎ 
7 g* »* or ih , asi em ET O ا‎ 


MILI LE 
PETIT .. rp Leid 
¿a inde PL Lie did P Lada sof f 
mr vu لو و رر‎ FE ^n اا‎ PE LA AA tT aie 
aw mt جس می میں‎ adi naco de ا ا‎ AAA heel 
یں‎ sp TL i4 ایی‎ ii M-E TE dade i 
PETE ETI uih EPT ےر رر‎ T A P T iind fe مراد‎ redii 
NOT odii ML PILLE id A ھار 1 ای‎ rtr سوبا نی‎ pto nyan 
PAD TD et? "Nu ar "Td aere ort تر رہ ہیں‎ Ar ہے ا‎ ee? SOP PET endend APL 
PITT hid didi "ow اھ حم دو ج0‎ E n Ai APT E nr PASAS daai A dantad 
ESS dy 5 ےتک‎ ETT I LA $ A A nin 
y ANA deta ad se PPT E bd او ای‎ 
ETD giv a ow amori mtt AA rtr a dA re mt prp ۶ s 
- TDL Pe ee E PA 
A E بای کا‎ mm ara PL dian 
P P d alt cei PET ds oa و رر‎ Le 
y roria ¥ PAR del ART P L un 
A E il 
ی‎ Ye 
pea anna 
P L ہے‎ N 
SO کو‎ 


A Lo dd 
= بی رر‎ hee = 


me 


m 








Ape rey rud s 
e 
A سے‎ ha = E e 
E yg » y fr 9.9 i. a 
Pa ۶ 
= » c 
0 س‎ 


ڈیا مق ہہ ہے ےپ 
e‏ 


E O di B Lan LL 


alaa T n e 
de Pur De mM vw 





o 


LIT ×‏ 
ہر در رج 





Av ۰ LI 
De ہر‎ 
fat d ` 


$e «du. m 
3 à 


e‏ اہ ۰ ی 
A‏ 


O 
ane ا‎ , 
D . " 


P 
> د‎ d اد‎ T. P ب"‎ 
四 u fatiga q lad 
rra Le SEAS ai ین‎ TT و و او ےہ‎ 
A ہی‎ A < rr T r B Lalal 和 

7 ET وڈ " سے یل‎ co > 
» wie 
1 wru » 
Q J 


RTT n‏ سرت ہبہ 
mr dba" Ld adii ded M LM‏ 

ka La رم‎ > 

E * 


qd 4 ا ا‎ PI aed ka wL B" TEEN . 
PE E "eis daa m ee RT M EM. ns 
wœ EL ed =e whit N Zu Ld 2 تر ےک‎ N 
I H Tp) L mdi ۷ک‎ » M 
, 


پر رر ج۰ 
ind Q ad‏ ا N‏ 


- 
تح یی کی‎ je w^ « ^S Tw w* x Ç 

EOD A t8 A سو‎ E رہ‎ 5 —Á 2 

H anda D u Int 


R LAN mel D, d 
"یی‎ A Ld ud A y tu E Par, ہے ہک‎ IA n 
j TE UA ےہ‎ A Tw J م‎ 
ka a ey UO a YAK e II ws 
I 2 PR ae ay x 
g : d w a e پیر‎ 
- T 





DUDLEY KNOX LIBRARY 


0۵ 





IT IE d 

Mrd Bed 

wen ET 

ua ye E adhug 
-— 


Ld es. -*e $9 


| 
| 
| 


PT ہہہجرز‎ 
NW n — aa + 
و سس سم‎ r eae RED 


3 2768 000 68918 6 


A 

qt E بش‎ 

TOP 

اس کے بے ور مت PET.‏ 
۰ 


1 
| 


PLI y 






P 
“ee ase 
y we 9. 












| 


ll 


“or 





Pl © 


EL s De ee 
d ہہ کے‎ ly da 






PLATA 





ng 





ie d‏ ا ات 
Me, Yr‏ ا یں B al‏ ہہ 
ART ice] Am and ne Np bids‏ 
ee OAI aeia‏ ا ا R‏ 
Ñ ee TU Lal b ati ow &‏ ? 
A al A dani A P C‏ 
El ad as T ms `‏ سآ ےا ا CRA‏ 
Lagai as FT DD ae nT‏ 
了‏ 
m‏ 


Way aa, mp, anad 
mL N addas 
و ےی‎ ٣ A LP e e 
یی مڈ‎ "TL وی‎ م٣‎ 
^ ULT e LS ES w^ 
ih od LI 949. hs k Mo lal, N LU = 
"EE Sie D PA "TIS wet TI e x 5 
1 ww w»  * 5 E - 7 ^ m" 
سب‎ ed - 7 di 


1 B 

ww ys sA ' 2 < او ا‎ 
B H a N E ".w 

, T 


ù. = 





Lu‏ یں 
e. wn.‏ 
o, dad 。‏ > 
TO‏ 


A ed pia ld 
y چ ي سر‎ “۶ 
iaa بے ا ا ا‎ ES á بے ےہ وی کی کی بک‎ v ML yf n° 
" 了 Mti añ Taz ane erate. بہت‎ el ad "uu 
NO rtp: ~~ g aje" SAAN tA O و ہے‎ ٠ے‎ a len E v w e 
oai Lae 4۵ ےد ا وی وا وی‎ x Cr ws M سد ہد‎ “ a 
P H Tand 4 »d m سے‎ Ls ی‎ P i 
OT I a 4 > 
pb B aia 
en "OR did ELS dia 
pietra ا ے جره باک و‎ it rE OO C OD 4. "YA 
AS e T T A R add x 
s MTs AL uis AS tov pes AN اح‎ 
wid جو یٹ وو‎ vw 
- 


A A ann 


Ad A LA id ru d 
کت‎ TE a 


van ma a S T a a LA 
AAA a haian * 
A E eds 





FIT اید سو‎ 
aii o سی‎ LI Md 
nep ھا ای م ھا‎ p.. 


vs gs 89 





WT L 
Pie he YY i a 
s.’ PELA lel مر‎ TO alll " mos» nn -- 
Dad u-e Soe ur. ےو ۶۶۵ھ رایت دد مور رر ا‎ bere 
"ET کے > رک لچے‎ d 了 s' er ar e^ dtt m یل ا‎ R تر‎ 
قت اي رر‎ TOS "] بہت ہہ‎ 
PEERS dE PE ri per 
CE RE Od O A de PEA jurado e 
y P ودج‎ ee forse ہی‎ SL a نر‎ . 
PTT A PETIT P add PTET od کے وام برها وو ۽ ۾‎ a 
n ca PL 4 atu gi SUN FO fon um doo ¿q ri ut ata امو‎ 
POETE LE 32° Sr A iid PLE EAT بے بی‎ Fa o E did 
zn AAA H PRE T E LS peat 0? PES TO E TT Lid TTT iba پر پر رب خیب رت‎ 
-—7 ia m or". iJ no RT Ld G Lb e n o cee Nm ud da Ad ee ۳٣۰ as 
u eS € S عو پر‎ a A "I PAY سینسمس مس رسس سس سس بیس سنہ‎ a Y 
092337 ae لیر ایا ا ا‎ POTT E id P H dl PARTS P پک‎ a an n. a cir 
^ .. V Lese Rod ۰ھ‎ ated P Lan Daag 
P PLE ego itum uw 4/1 ET i 220 2 EEE ا کک ب ار ید‎ gan. 
Ts ی‎ O e AS "uh" ae dti ci rne ordei 
nG PORTET n MIT 1ء ۱۸۹۷ ۹ وایہ بش ضو یا‎ 7 prp Ne < 
e TO vd 56 hi PLI HE PP نیت"‎ PTE a ires Tr 
AA OT et We اوا ا و با ا بی‎ A dete یی ا‎ 
ET PEPA A ra poun APPIN IF We PUE II و ری‎ aureos * Sere alo coe ROE سس سس مات سا‎ 
y یہ ب٠ کی جرے‎ d 3 2 Ro" "m A aE EL ba di pr Ta 
. تج ہی‎ 好 "nr vos 5 T " ocpa- Bog^ th 
Np TT PS bed deii ^ s m NETT " , TEL diii ph Tai Laa, 
M ۴ P dq e we MEET P s pe bd KIT CD Muat 
dai Fm A 7 ا‎ x y TA Baani did A ALA d 
H N e umm ME T "abad PEU DP eis 
4 "ETT LE aad A ed m A 
PR AS de Pages rv a ICE ah al ald E 
er TR ایا‎ AA rbd abii) ol 
m Ras diit PA ed eel oe erie ad 
de ghusisqban S 044 v) UP" d'* اودش‎ enri T e crie اس ہے‎ ¿e ye. 
Ne ied RA کے‎ a Apri alge 
M ا اون‎ E ie! NEN d i 
NIIT T el tel adn Jaga. isa run ی‎ piti سر‎ 
alg A OTL a c P ai fem tud 
وی ا‎ 


y ye رو‎ 
A کر‎ 
ل‎ m = 


E .. 
rs 3 k Ç 
a r Ç v 
LA . 
1] U P v 
AF 





eri 


SA‏ ی 
m‏ 
۸ 


eo ano A 
اا‎ 


c ET e 
posu A oed 


R an رب‎ 
a E al an 
s d Fa AN Y A 

A J rei ۰۰۰۸۹۸۸۹ اوو لوپ‎ 
۸ ھک کہا کد و‎ s ii ا ا‎ Beards = 
شی تد وو‎ A te اک‎ [E d Fue ae Pub "al 
a RA > ra Pew On 

nn. - 
» ta “0 s x 
. > s. 1 

y 


ARAS ad 
go A n ی‎ aed ee paro T ad 
pa d ww tb eV. ADR ا‎ NT ییا‎ id 
A did و‎ E 8 UA ER ee ٹس‎ 
نیو‎ Te اس ان‎ Tan purus ہے ا‎ r O A E AAA 
p r a ara ایا‎ a اشا‎ re LTE bois du > o du Li y 
Stat en ret ce eae elec e eara. Pear S E aaar ` b > 
OTT Dr Da A E o یی‎ AA ac ddl, wa els r Pe 
(mt چا ہے‎ he ہی‎ AR ا‎ " A ہی اس‎ rn is atrial 
rd diim re ires d iud ep atii o và aw igo the سو سی‎ P id ad P TOET E a ENA al یہی‎ N ga 
نود ہیں ہچ‎ drid! ya ee died سو موی‎ aa SALA LE عچ‎ PTA یں‎ a o Bi 7 T 
O OOO L OR Dh ee NT AA RT di < vala 
F DY ETA bl ea e۰ ید نو تج‎ li let. NANA 
A pra ا ام‎ n lb et E ea a ES Ke اا‎ 
pp ET mes K N, لپیا داد و سای‎ y ait Ure BRE > 
ا ا ا اسر یر سی ا اس جس ریہ میں‎ b de ۔ ہہ‎ ۵۸۳۷۰ PU وا‎ sgar 5 - , 
pigra he ne Tw mes mic reb er een AU ا‎ en یں ہار‎ x 
Panco cad P L "Loa E mm PR P چو‎ ne "Lu "ut v " z 
err eu dE Pi EE سے جس سٹو‎ n NE o“! PA EL ہس‎ Pa, me de uiu on de ava  > 
dei وب دوب ید وی‎ RO ehe T TL ds پر نو و ود سو‎ arus O ale PUTS E: DA et * 
Sap eatin edi pd gro e A SS el e te uei ا کی‎ TL نہیں‎ DET Edad | » w ae Ue. 
A ii bis ol A ا‎ alee ~ ںا‎ A مر ےپ‎ PRA سج‎ EN TEE 
A RR T A O AO AA AS A E نیہ کی‎ 00 a وجات‎ v il 27 ٦ 
ہچیچ اس‎ AC wj y "y Va d Ae nid C oy e WU S ime doi aie a oen و ا سوہ‎ AAA بی‎ 
li ےم‎ eri بی‎ P LN MVA A PT Ye al deed ae ur lada hz La a a a Ç " ios Cid hd 
sleep ee ea absence ter Nobis OR ir ee ٠ ہیی جس موی ہ یں‎ E NEN heath Ç d 
a a o mur Cu wet ideae O Ex wt f oh aw eter eee, DAN 2۴ AA "MER, Apr UU PY Led de 0e e. ' E ri C 
El phage diuidi EA و رس ا ا عم لہ مس دہ‎ ra ie و مات‎ RE a IE wir و‎ 4 y لف‎ 
وو ری‎ cane یں ہیں‎ te be hel aq AA لی‎ N i gw NR, 
ا سر‎ TL lnd یک رج‎ rda Tata ri i dn És Arde pa EE: © AA A Fade 
ee a EAR ا‎ iie A A رر‎ d dl و دا ھا جب رد رجا ہیں پل‎ Q 43 وط‎ 
ایل سس چک سم جس‎ pese er aides nde P ni id il 2 i A DR لیت‎ Ç 
i aa aa a a سر‎ UP au ni زی ا‎ P جو‎ RE یں‎ Moi Ro ^x f Dad or T dead eb d Vw ¿de < * 
aaa A RL r de & idw S Paar ROLE تو ڈو‎ N ہیں سے‎ de kad Ny Tet Ye ere PE v ww ںا‎ 
ا ا ا ا ا سد و‎ Bi سی دسا مس جہ ہے‎ Roi EM, ge S A TTE al یں‎ x Bc = BD D S LA S 
ہی ںا کا جرف‎ o Lal SIL TL ۱۷ہ رنج‎ ۹۱۔2٤‎ A hal he abe ern R e * g Pu ae P N u 
کا یں دو چ" تا بی‎ o Moi DL بس‎ N 10 ae G = ee 7- e خ می جیا‎ 
یہ دج و ب مچکر‎ AA O SN IAE i é T 2 E " Jd 
2 - "EU T 


a 下 
L Lad an 
we e E e s MIELE P ^ 
pe dad MC قا‎ x 
7 d . U w گر‎ 


` بر bos vf.‏ 
"mox‏ ‘ آث۔ ھب ۷ر 
پر رو Li‏ 


U TEE A E 
.- P4 





» A for سی‎ 
7 Afi 








E PT did 
زیر‎ 






api» ? 2. 
[ulis 
SK fru, tut 


PIE iiie 





تح و ےت 
۱٤ہ‏ لا جا آے دب رےہ سز ریت 
ا mur‏ 1 تک ےت 





LI 
FI ٠ 
- 





n 

EU Sate 8 

Te ni 

MEE E DT lai aa 
یں‎ ded 





PM E Ed [ 
"TIU 
PT 





es دس‎ " 
v. UT Z 
P 





LL bid 
"m 


E TO I 
N d. b 
y AN $ 


LOT la dd aa 本 

$4» یار‎ nr UT d ed eid PERLE E ad vilior nen 

TTS i P PRE ToL PA ped wo 9 pt ap ep | X MI 

PUN E oed is PRAT O edi PEO nagir YD A cel 

oida Sp ia pad‏ و ا“ ETE) XII PEEL AL‏ ° تی تھ چے بے 
m did MP 7 "6 aeit any Turo A‏ اخ ھ E inii "¿ray‏ ا ا 

eee add 


iR dal PELT < پرا‎ 
ETD er ie ae scat ot^ $79 en" 
v R Map dd PR D ۶ VT anc pd PETA 
Or T E 7 ھ‎ A du ott PR TE as mr pun dial E 
P] P "EVIL EE a, drii DD dep رج ۔‎ ntur Pd اس ےن ال‎ RE app 
ory vt. سو پیا‎ O adel RET O didi sipoti PPP AE agree teren ent rdi 
EL "TTL PRI IPIE. ode did a٩ a AE رس ا و وو‎ erered 
B PET ee وراز‎ PF وک‎ dl TTL A bo ka cau 
ee PPS LE add H TA Œ "PD 
PELLIT Aro ta St mtn dil ioa , و ٥ھ اام پود‎ 
pre "P ausi ur rd IA APA Laa RT Aid 
人 ء‎ 0 7 PE ہے ہر‎ PY AJA, R stato 
دی ہد‎ TEL? ar Y WT M lo een ur diaa ee ہر‎ 
ا ا‎ LLL A vealed id id e.» 
۰ل ری صا‎ ۰ PTT d Eher qom P adipe 
HOOP epe oT LR یر ےا‎ 
TT ae Badi A Pa al پر‎ sopen: 
A al lhl P adad DETT سرک رر‎ D DNET Eadie praean y نے‎ 
ar re L a 1 a wip o gen 


TITEL y 
osa s ZAS i POP ۶ 















أَ٭۳٤7‏ . مر بروی 









um ind ciens] aan ex 
eT hae hs il adh ۳۰۳٢ id PETEN 7 a یا ا‎ 
E ED A ane L Le delta tie 
در اما‎ E ab > nn er OT ET اہی‎ ۳ ۸۰۷ Tos. ieri E > ٦ 
ا او‎ a as e dr PT گر ھ۹٥ ۔٭‎ ھ٢‎ pavar i جے ہیں رہ مہا‎ ash: dea ہس شب‎ 
aai hee e AAN AN بی‎ Oi نھب ری‎ Ri are 02 " 
T MA E Oe hts d Mer Ia “1٤ (or کیک و ےر ہہ‎ v "uis Po 
pipe n o AAN AY ete Gay LT edis ER O ee پی دش‎ N >” 
R Te rg A ILI x AR Writ ts. ay? aM ELE im ER Ld Tia 
e (NOLA AK AN NN A A : 
Z AR AT T a ar T AT te as TL nite ILS ye AE 1 U 
Ap ee PUER E aT RR ae LR RA dr dli T So کی‎ Ae < D 、 
Pa ا‎ T RR T E پیو يک لو وا ہیں‎ B > ۷ب ہا ۸ث یھ کو‎ DN WEN = T , مہ‎ w " 
l EE n Mri oe ie a eee اھ وو سوہ‎ N T e, L Mp A/T وہ‎ PM? Y و‎ yo A 4 ۰ d rud v E - y 
ا‎ dr RAHE SS we ہش‎ WC ES LEM Bein MT AD N alat 2 KJ Eee جو میں6‎ 
` A RN پیا‎ boa AA AA: TA N RN A be EN E A Le Pr e DERE TRIN n WT Pr "EL d A ders UCM rn 
یک گا ا ا ام سس سیر یہ یو مل‎ nf 5 ےھ یں‎ EE, O v^ t- . E = PL dr SP T 
N ara p Are Poo Pur) اف بے چا‎ N "A te N لپ‎ "EP N A رھ‎ 
ET E OUS E a لپ‎ "a AS ۰ ا‎ 0 
LE = Oye re a "XXE پ٠ ۶۴ء‎ gat so 4 
" E x ETE DLL 
"Yu DT 
PO TI ee 0 
ا ا‎ OS ار کی‎ 
AA ےا کر‎ 

















۷ ہیں‎ La A 
FITTV WH یی نی ں‎ 
G . 8 ENTE SE n 

Y a p bv 





.. 0 کر ا yor‏ 


rá 
a E AET] 


